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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

10. (Amended) A semiconductor device according to any one of claims [1 to 9] 1-3. 
5-7. or 9 . characterized in that said semiconductor device has a function of displaying a still 
image in accordance with the image data stored in said memory portion. 

11. (Amended) A semiconductor device according to any one of claims [1 to 10] 1-3, 
5-7. or 9 . characterized in that said semiconductor device includes a memory control circuit, and 

said memory control circuit and said memory portion are formed on the same 

substrate. 

12. (Amended) A semiconductor device according to any one of claims [1 to 1 1] 1-3. 
5-7. or 9 . characterized in that said semiconductor device is composed of a first region having a 
function of displaying the image and a second region having a function of supplying the image 
data to said first region, 

said first region includes the substrate on which the pixel portion is formed, and 
the semiconductor device includes a first display method of displaying the image 
in accordance with the image data supplied from said second region and a second display method 
of displaying the image in accordance with the image data stored in the memory portion 
provided in said first region. 

13. (Amended) A semiconductor device of claim 12, characterized in that power 
consumed in said semiconductor device by said second display method is 70 [[%]] % or lower of 
power consumed in said semiconductor device by said first display method. 

14. (Amended) A semiconductor device of claim 12, characterized in that when said 
second display method is performed, 50 [[%]] % or higher of power consumed in said 
semiconductor device is consumed in said first region. 

15. (Amended) A semiconductor device of claim 12, characterized in that when said 
second display method is performed, 90 [[%]] % or higher of power consumed in said 
semiconductor device is consumed in said first region. 
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17. (Amended) A semiconductor device group composed of a first semiconductor 
device having a function of displaying an image and a second semiconductor device having a 
function of supplying image data to said first semiconductor device, 

said first semiconductor device is a semiconductor device according to any one of 
claims [1 to 1 1] 1-3. 5-7. or 9 . characterized in that, 

said semiconductor device group includes a first display method of displaying the 
image data supplied from said second semiconductor device and a second display method of 
displaying the image in accordance with the image data stored in the memory portion included in 
said first semiconductor device. 

18. (Amended) A semiconductor device group of claim 17, characterized in that 
power consumed in the entire said semiconductor device group by said second display method is 
70 [[%]] % or lower of power consumed in said entire semiconductor device group by said first 
display method. 

19. (Amended) A semiconductor device group of claim 17, characterized in that 
when said second display method is performed, 50 [[%]] % or higher of power consumed in said 
entire semiconductor device group is consumed in said first semiconductor device. 

20. (Amended) A semiconductor device group of claim 17, characterized in that 
when said second display method is performed, 90 [[%]] °A or higher of power consumed in said 
entire semiconductor device group is consumed in said first semiconductor device. 

22. (Amended) A semiconductor device of any one of claims [1 to 21] 1-3. 5-7. or 9 . 
characterized in that said memory portion has a memory capacity of 100 [[kbit]] kbit to 10 
[[Gbit]] Gbit . 

23. (Amended) A semiconductor device according to any one of claims [1 to 21] 1-3. 
5-7. or 9 . characterized in that said memory portion has a memory capacity of 1 [[Mbit]] Mbit to 
128 [[Mbit]] Mbit . 
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24. (Amended) A semiconductor device according to any one of claims [1 to 21] 1-3. 
5-7. or 9 . characterized in that said memory portion is composed of one of an SRAM, a DRAM, 
and an EEPROM. 

25. (Amended) A semiconductor device according to any one of claims [1 to 21] 1-3. 
5-7. or 9 . characterized in that said memory portion is composed of a combination of an SRAM, 
a DRAM, and an EEPROM. 

26. (Amended) A semiconductor device according to any one of claims [1 to 25] 1-3. 
5-7. or 9 . characterized in that said semiconductor device is one of an active matrix liquid crystal 
display device, a passive matrix liquid crystal display device, an active matrix EL display device, 
and a passive matrix EL display device. 

27. (Amended) A semiconductor device according to any one of claims [1 to 25] 1-3. 
5-7. or 9 . characterized in that said semiconductor device is one selected from a display, a video 
camera, a head mounted display, a DVD player, a goggle type display, a personal computer, a 
cellular phone, and a car audio system. 



* (■ \ * 

[ DEC 2 0 2001 J 

[Nam e of Docum e nt] Sp e cification ^ 
[Title of the Invention] SEMICO>JDUCTd^^^ B 
[Scop e of Claims] 

[Claim 1] A semiconductor device including at least a pixel portion, a driv e r circuit for 

the pixel portion, and a memory portion, characterized in that, 

said pixel portion, said driver circuit for the pixel portion, and said memory portion are 

formed on the same substrate, and 

th e semiconductor d e vice has a function for displaying an image in accordanc e with 

imag e data stored in said memory portion. 

[Claim 2] A s e miconductor d e vice including at least a pixel portion, a driver circuit for 

the pixel portion, and a memory portion, charact e rized in that, 
said pix e l portion is formed on a first substrat e , 

said driver circuit for the pix e l portion and said memory portion ar e formed on a second 

substrate, 

said second substrate is provided in a region except for said pixel portion on said first 

substrate and is connected with said pixel r e gion such that a signal from said driver circuit for th e 
pixel portion is input to said pixel portion, and 

the semiconductor device has a function for displaying an imag e in accordanc e with 

image data stored in said memory portion. 

[Claim 3] A semiconductor device according to claim 2, characterized in that said 

second substrate has the same thickness as said first substrat e . 

[Claim 4 ] A semiconductor device according to claim 2 or 3, characterized in that said 

second substrat e is made of the same material as said first substrate. 

[Claim 5] A semiconductor device according to claim 2, characterized in that the second 

substrate is one of a substrat e having an insulating surface, an SOI substrat e , and a silicon 
substrate. 

[Claim 6] A semiconductor d e vic e including at least a pixel portion, a data line sid e 

driver circuit, a scanning line side driver circuit, and a memory portion, characterized in that, 
said pixel portion is formed on a first substrat e , 

said data line sid e driv e r circuit and said memory portion are formed on a s econd 

substrate, 

said scanning line side driver circuit is integrally formed on a third substrate, 

said second substrate and said third substrat e are provided in a region except for said 

pixel portion on said first substrate and are connected with said pixel portion such that a signal 
from said data line side driver circuit and a signal from said scanning line side driver circuit are 
input to the pixel region, and 

the semiconductor device has a function for displaying an image in accordance with 

image data s tored in said memory portion. 

[Claim 7] A semiconductor device according to claim 6, characterized in that said 

second substrate and said third substrate have th e same thickness as said first substrate. 

[Claim 8] A semiconductor d e vice according to claim 6 or 7, characterized in that said 

s e cond substrate and said third substrate ar e mad e of th e same material as said first substrat e . 

[Claim 9] A semiconductor device according to claim 6, characterized in that said 

second substrate and said third substrate ar e on e of a substrate having an insulating surface, an 
SOI substrate, and a silicon substrate. 

[Claim 10] A semiconductor device according to any one of claims 1 to 9, characterized 
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in that said s e miconductor d e vic e has a function of displaying a still imag e in accordanc e with 
th e imag e data stor e d in said m e mory portion. 

[Claim 11] A s e miconductor d e vic e according to any on e of claims 1 to 10, 

charact e riz e d in that said s e miconductor d e vic e includes a memory control circuit, and 

said memory control circuit and said memory portion ar e formed on th e same substrat e . 

[Claim 12] A semiconductor d e vice according to any on e of claims 1 to 11, 

characterized in that said semiconductor devic e is composed of a first region having a function of 
displaying the image and a s e cond r e gion having a function of supplying th e imag e data to said 
first r e gion, 

said first region includ e s the substrat e on which the pixel portion is form e d, and 

th e s e miconductor device includes a first display m e thod of displaying the imag e in 

accordance with the imag e data supplied from said second region and a second display method 
of displaying the image in accordance with th e imag e data stored in th e m e mory portion 
provided in said first region. 

[Claim 13] A semiconductor devic e of claim 12, characterized in that power consumed 

in said semiconductor device by said second display method is 70 [%] or lower of power 
consumed in said semiconductor devic e by said first display method. 

[Claim 1 4 ] A semiconductor device of claim 12, characterized in that wh e n said s e cond 

display method is p e rform e d, 50 [%] or higher of power consumed in said semiconductor devic e 
is consumed in said first region. 

[Claim 15] A semiconductor d e vice of claim 12, characterized in that when said s e cond 

display m e thod is perform e d, 90 [%] or higher of power consumed in said semiconductor device 

is consumed in said first region. 

[Claim 16] A semiconductor device of claim 12, characterized in that said first display 
method is controlled by a CPU provided in said second region, 

said second display method is controlled by a control circuit provided in said first 

region, and 

said second display method can be performed with a state in which a power sourc e of 

said CPU is turn e d off. 

[Claim 17] A semiconductor d e vice group composed of a first semiconductor device 

having a function of displaying an image and a second semiconductor devic e having a function 
of supplying image data to said first semiconductor devic e , 

said first semiconductor device is a semiconductor device according to any one of 

claims 1 to 11, characterized in that, 

said s e miconductor device group includes a first display method of displaying the image 

data supplied from said second semiconductor device and a second display method of displaying 
the image in accordance with the image data stored in the memory portion includ e d in said first 
s e miconductor devic e . 

[Claim 18] A s e miconductor devic e group of claim 17, characterized in that power 

consumed in the entir e said semiconductor device group by said second display m e thod is 70 [%] 
or lower of power consumed in said e ntir e s e miconductor device group by said first display 
m e thod. 

[Claim 19] A semiconductor devic e group of claim 17, characterized in that wh e n said 

s e cond display method is performed, 50 [%] or higher of pow e r consumed in said entire 

semiconductor d e vic e group is consumed in said first semiconductor device. 

[Claim 20] A semiconductor device group of claim 17, charact e rized in that when said 
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s e cond display m e thod is perform e d, 90 [%] or high e r of pow e r consum e d in said e ntire 
s e miconductor d e vic e group is consum e d in said first s e miconductor d e vic e . 

[Claim 21] A s e miconductor d e vic e group of claim 17, charact e riz e d in that said second 

display m e thod can b e perform e d by only said first semiconductor device. 

[Claim 22] A semiconductor device of any one of claims 1 to 21 , characteriz e d in that 

said memory portion has a memory capacity of 100 [kbit] to 10 [Gbit], 

[Claim 23] A semiconductor d e vic e according to any on e of claims 1 to 21 , 

charact e riz e d in that said memory portion has a m e mory capacity of 1 [Mbit] to 128 [Mbit]. 

[Claim 2 4 ] A semiconductor devic e according to any one of claims 1 to 21 , 

characterized in that said memory portion is composed of on e of an SRAM, a DRAM, and an 
EEPROM. 

[Claim 25] A semiconductor device according to any one of claims 1 to 21, 

characterized in that said memory portion is composed of a combination of an SRAM, a DRAM, 
and an EEPROM. 

[Claim 26] A semiconductor d e vic e according to any one of claims 1 to 25, 

charact e riz e d in that said s e miconductor device is one of an activ e matrix liquid crystal display 
device, a passiv e matrix liquid crystal display device, an activ e matrix EL display devic e , and a 
passive matrix EL display device. 

[Claim 27] A s e miconductor devic e according to any one of claims 1 to 25, 

characterized in that said semiconductor device is one selected from a display, a video camera, a 
head mounted display, a DVD player, a goggl e typ e display, a p e rsonal comput e r, a c e llular 
phone, and a car audio syst e m. 
[Detailed Description of the Invention] 

POOO HSEMICONDUCTOR DEVICE 

f TECHNICAL FIELD TO WHICH THE INVENTION BELONGS 4 

[0001] The present invention in the application relates to a semiconductor device 

having a pixel portion, a driver circuits for the pixel portion, and a memory portion. 

[0002] In particular, the present invention relates to a semiconductor display device in 

which a pixel portion, driver circuits for the pixel portion, and a memory portion are integrally 
formed on the same substrate, a semiconductor display device in which a second substrate is 
mounted on a first substrate for forming a pixel portion, driver circuits for the pixel portion and a 
memory portion are integrally formed in the second substrate, and an electronic equipment in 
which such a semiconductor display device is incorporated. 
[0003] 

[0003] Note that a semiconductor device in this specification indicates a device in 

general, which functions by utilizing a semiconductor characteristic, and includes for example, a 
semiconductor display device which represents a liquid crystal display device and an EL display 
device and an electronic equipment in which the semiconductor display device is incorporated, 
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under its category. As a word synonymous with the electronic equipment in which the 
semiconductor display device is incorporated, a word "the semiconductor device in which the 
semiconductor display device is incorporated" is also used. Further, a stick driver (or a stick 
circuit) in this specification refers to a small piece including at least one circuit, which is cut 
from a substrate after a large number of circuits are formed using a glass substrate, an SOI 
substrate, an Si substrate, or the like. 
f©©©3} 

rPriorArtl PRIORART 

[0004] In recent years, a semiconductor device, in particular, an electronic equipment 

in which a semiconductor display device is incorporated is remarkably developed and as its 
application examples are a notebook personal computer, a mobile equipment including a mobile 
telephone, a liquid crystal television, a liquid crystal display, and the like. Further, research and 
development with respect to a semiconductor display device having a self luminescent layer 
(typically, an EL display device) are also increased. The semiconductor display device is 
characterized in that weight reduction and thinness are allowed relatively to a conventional CRT 
and consumption power is small (especially, the liquid crystal display device). 
[©©04} 

[0005] As a conventional semiconductor display device, an active matrix 

semiconductor display device having a pixel portion in which thin film transistors (hereinafter 
referred to as TFTs) are arranged in matrix and a passive matrix semiconductor display device 
having a pixel portion in which stripe shaped electrodes are formed to intersect one another in 
upper and lower positions sandwiching a liquid crystal layer or a self luminescent layer are 
known. As the active matrix semiconductor display device, there are a device in which the pixel 
portion is composed of TFTs using polysilicon films and a device in which the pixel portion is 
composed of TFTs using amorphous silicon films. In the case of the active matrix display device 
using the polysilicon films, as compared with the case using the amorphous silicon films, an 
electric field effect mobility of the TFT is high and high speed operation is allowed. Thus, the 
pixel portion and driver circuits for the pixel portion can be formed on the same substrate. On 
the other hand, in the active matrix display device using the amorphous silicon films and the 
passive matrix display device, it is difficult to integrally form the driver circuits on a substrate on 
which the pixel portion is formed. Therefore, it is constructed that a stick driver in which the 
driver circuits for the pixel portion are formed on a silicon substrate is mounted on the substrate 
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on which the pixel portion is formed. 
[000S} 

[0006] Note that the thin film transistor (TFT) in the specification indicates all 

transistors formed by using an SOI technique. Of course, these may be formed on a substrate 
having an insulating surface or may be formed on an SOI substrate. 
[0006} 

[0007] In an electronic equipment in which a conventional semiconductor display 

device is incorporated, signal processing steps until an image is displayed will be described 
briefly. Fig. 3 is a block diagram of a portion related to image display in such an electronic 
equipment. 
[0007} 

[0008] -In Fig. 3, a semiconductor device 301 is a device for taking or preparing image 

data, performing processing and format conversion of the image data, and then displaying an 
image. As the semiconductor device 301, for example, a video camera, a car navigation, a 
personal computer, or the like can be considered. 
[0008} 

[0009] The semiconductor device 301 is constructed by an input terminal 311, a first 

control circuit 312, a second control circuit 313, a CPU 314, a first memory 315, a second 
memory 316, and a semiconductor display device 302. Data as a basis of image data is input 
from the input terminal 311 in accordance with respective electronic equipments. For example, 
in the case of a broadcast receiver, the data is input data from an antenna. Further, in the case of 
the video camera, the data is input data from a CCD. This may be input data from a DC tape or a 
memory card. The data input from the input terminal 3 1 1 is converted into an image signal by 
the first control circuit 312. In the first control circuit 312, compound processing of image data 
compression-encoded in accordance with MPEG standards, tape formats, or the like and image 
signal processing such as image interpolation or image resizing are performed. An image signal 
output from the first control circuit 312 or an image signal prepared or processed by the CPU 
314 is input to the second control circuit 313 and converted into a format (for example, a scan 
format or the like) suitable for the semiconductor display device 302. The format-converted 
image signal and a control signal are output from the second control circuit 313. 
[0009} 

[0010] The CPU 314 efficiently controls signal processing in the first control circuit 

312, the second control circuit 313, and other interface circuits and also prepares and processes 
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image data. The first memory 315 is used as a memory area for storing the image data output 
from the first control circuit 312 and the image data output from the second control circuit 313, a 
work memory area when controlling by the CPU, a work memory area when preparing image 
data by the CPU and the like. As the first memory 315, a DRAM or an SRAM is used. The 
second memory 316 is a memory area for storing color data and character data, which are 
required in the case where the image data is prepared or processed by the CPU 314 and made 
from a mask ROM or an EPROM. 
E©QW} 

[0011] The semiconductor display device 302 is constructed by a data line side driver 

circuit 317, a scanning line side driver circuit 318, and a pixel portion 319. The data line side 
driver circuit 317 receives the image signal and the control signals (clock signal and start pulse) 
from the second control circuit 313 and the scanning line side driver circuit 318 receives the 
control signals (clock signal and start pulse) from the second control circuit 313, respectively, 
and thus an image is displayed in the pixel portion 319. 
E©0444 

[0012] With the above construction, the semiconductor device 301 takes or prepares 

the image data and then displays the image. However, such a semiconductor device can be 
considered as two independent semiconductor devices. The two independent semiconductor 
devices can be indicated with a block diagram as shown in Fig. 4. In Fig. 4, an image signal with 
a general format such as a color signal, an intensity signal, and a signal for adjusting image 
quality and control signals are output from a semiconductor device 401 through a second control 
circuit. The image signal and the control signals, which are output from the semiconductor 
device 401, are input to a semiconductor device 402 and converted into an image signal and 
control signals such as a clock signal and a start pulse, which has format suitable for a 
semiconductor display device 403, by a control circuit 422. Then, the semiconductor display 
device 403 receives the image signal and the control signals from the control circuit 422 and 
performs image display. Note that the control circuit 422 is composed of a chip different from a 
pixel portion 425. As the semiconductor device 401, for example, a broadcast receiver or a game 
machine can be considered, and as the semiconductor device 402, for example, a liquid crystal 
display or an EL display can be considered. 
[0044} 

{PROBLEMS TO BE SOLVED BY THE INVENTION} 
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[0013] When, an area expansion of the semiconductor display device is progressed 

and a portable electronic equipment in which the semiconductor display device is incorporated is 
widely spread, it is important to suppress consumption power of the semiconductor device to be 
low. 

[0044} 

[0014] For example, in the semiconductor device in which a conventional 

semiconductor display device is incorporated, the case where a still image is displayed is 
considered. When the still image is displayed in accordance with the block diagram of the 
semiconductor device shown in Fig. 3, the CPU 314 reads image data from the first memory 315 
in which still image data is stored and makes the second control circuit 313 perform format 
conversion or the like. The image signal and the control signals, which are output from the 
second control circuit 313, are input to the semiconductor display device 302 and display is 
performed in the pixel portion 319. 
[0014} 

[0015] Thus, even in the case where the still image is displayed, the large amount of 

data to be transferred and the large number of procedures of the CPU and the control circuit are 
required, and thus it is found that power similar to the case of moving image display is 
consumed. A similar matter applies to the block diagram of the two semiconductor devices 
shown in Fig. 4. 
[00±5} 

[0016] An object is to provide a semiconductor device capable of suppressing 

consumption power to be low in the case where, in particular, a still image is displayed in the 
present invention in the application. 
£0016} 

fMEANS FOR SOLVING THE PROBLEM} 

[0017] As described above, in a conventional semiconductor device, when a still 

image is displayed, power similar to the case of moving image display is consumed. This is 
because a memory for storing image data is provided outside the semiconductor display device. 
Here, even in the case of the still image or the moving image, it is necessary to always supply 
image data to the semiconductor display device. Thus, the amount of data to be transferred and 
the number of procedures for the image data become the same degree. Therefore, it is difficult 
for the conventional semiconductor device to greatly reduce consumption power in the case 
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where the still image is displayed. 
EOOW} 

[0018] In the present invention in the application, in order to solve the above problem, 

a memory portion is mounted on a substrate on which a pixel portion is formed and a still image 
is displayed using image data stored in the memory portion. Then, the amount of signals to be 
transferred from the outside of the semiconductor display device is decreased and a burden to 
circuits (CPU and the like) provided outside the semiconductor display device is reduced, and 
thus the consumption power is greatly reduced. 
E©04£} 

[0019] In the present invention in the application, a mode that the memory portion, the 

pixel portion, and the driver circuits for the pixel portion are integrally formed on the same 
substrate and a mode that a stick driver in which the memory portion and the driver circuits for 
the pixel portion are integrally formed on the same substrate is mounted on the substrate on 
which the pixel portion is formed are considered as a mode that the memory portion is mounted 
on the substrate on which the pixel portion is formed. The mode that the memory portion, the 
pixel portion, and the driver circuits for the pixel portion are integrally formed on the same 
substrate is mainly used for the active matrix semiconductor display device composed of the 
TFTs using the polysilicon films. Further, the mode that a stick driver in which the memory 
portion and the driver circuits for the pixel portion are integrally formed on the same substrate is 
mounted on the substrate on which the pixel portion is formed is mainly used for the active 
matrix semiconductor display device composed of the TFTs using the amorphous silicon films 
and the passive matrix semiconductor display device. 
[W£f 

[0020] In the present invention in the application, when the still image is displayed, 

the image data stored in the memory portion mounted on the substrate on which the pixel portion 
is formed can be used. As a result, most procedures for displaying an image can be performed 
on the substrate on which the pixel portion is formed. Thus, the power is consumed not in the 
entire semiconductor device as conventional but on mainly the substrate on which the pixel 
portion is formed. 
[0030} 

[0021] In this case, the consumption power can be made to be 70 {■%}% or lower, as 

compared with the case where image data is input from the outside of the substrate on which the 
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pixel portion is formed and displayed. Further, the power consumed on the substrate on which 
the pixel portion is formed can be made to be 50 of the whole or more (preferably, 90 
{%}% or more). Only a simple control signal from the outside of the substrate on which the pixel 
portion is formed is required, and in some cases, in many circuits (including the CPU) provided 
outside the semiconductor display device stopping power source is also possible. Thus, the 
consumption power can be greatly suppressed as compared with the conventional semiconductor 
device. Note that the control signals from the outside include a clock signal, a start pulse, a 
signal related to an address of a memory and readout, and the like. 
[00244 

[0022] The semiconductor device according to the present invention in the application, 

it is preferable that a memory control circuit is mounted on the substrate on which the pixel 
portion is formed. In this case, the memory control circuit is preferably formed together with the 
memory portion on the same substrate. That is, when a memory is mounted by using the stick 
driver, the memory control circuit is formed on the substrate composing the stick driver. When 
the memory portion is formed on the same substrate as the pixel portion, the memory control 
circuit is formed on the same substrate as the pixel portion. 
[0023} 

[0023] As a result, in the case where the still image is displayed, when calculation 

related to an address of the memory and the like are performed by the memory control circuit, 
the control signals input to the substrate on which the pixel portion is formed can be further 
reduced. As a result, the consumption power is suppressed to be further low. 
[002£f 

[0024] Thus, there are provided a semiconductor display device in which the still 

image can be displayed with low consumption power and a semiconductor device in which the 
semiconductor display device is incorporated. 
[0024} 

[0025] Note that it is required for its applications that the memory portion has a 

memory capacity capable of storing at least one entire still image in the entire memory. It is 
further desirable to have a memory capacity capable of storing a plurality of still images. If 
possible, it is also preferable to have a memory capacity capable of storing a moving image with 
a short time. 
E002S} 

[0026] A memory composing the memory portion may be any one of an SRAM, a 
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DRAM, or an EEPROM. Further, the memory portion may be composed of a combination of an 
SRAM, a DRAM, and an EEPROM. 
[0026} 

[0027] In addition, the substrate in which the stick driver is formed may be any one of 

a silicon substrate, an SOI substrate, and a substrate having an insulating surface. In particular, it 
is preferable that the substrate in which the stick driver is formed has the same thickness and the 
same material quality as the substrate on which the pixel portion is formed. Further, an image 
signal is input to only the data line side driver circuit among the driver circuits for the pixel 
portion. Thus, when the memory and the driver circuits are mounted by using the stick driver, 
the memory portion may be integrated only in a stick driver (data line side stick driver) including 
the data line side driver circuit. For example, as a method of manufacturing a stick driver using a 
glass substrate, contents disclosed in Yamazaki et al., U.S. Patent No. 5,821,138 or Yamazaki ef 
aL, U.S. Patent No. 6,118,502 are referred and incorporated herein. 
[0023} 

[0028] Hereinafter, a structure of the present invention in the application is indicated. 

[0028} 

[0029] There is provided a semiconductor device comprising at least a pixel portion, a 

driver circuit for the pixel portion, and a memory portion, wherein, 

-the pixel portion, the driver circuit for the pixel portion, and the memory portion are 
formed on the same substrate, and 

-the semiconductor device has a function for displaying an image based on an image data 
stored in the memory portion. 
[0029} 

[0030] There is provided a semiconductor device comprising at least a pixel portion, a 

driver circuit for the pixel portion, and a memory portion, wherein, 
-the pixel portion is formed on a first substrate, 

-the driver circuit for the pixel portion and the memory portion are integrally formed on 
a second substrate, 

-the second substrate is provided in a region except for the pixel portion on the first 
substrate, and connecting such that a signal from the driver circuit for the pixel portion is input to 
the pixel portion, and 

-the semiconductor device has a function for displaying an image based on an image data 
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stored in the memory portion. 
[0030} 

[0031] The second substrate may have the same thickness as the first substrate. 

[0031} 

[0032] The second substrate may be made of the same material as the first substrate. 

[0032} 

[0033] The second substrate may be one of a substrate having an insulating surface, an 

SOI substrate, and a silicon substrate. 
[0033} 

[0034] There is provided a semiconductor device comprising at least a pixel portion, a 

data line side driver circuit, a scanning line side driver circuit, and a memory portion, wherein, 
-the pixel portion is formed on a first substrate, 

-the data line side driver circuit and the memory portion are integrally formed on a 
second substrate, 

-the scanning line side driver circuit is integrally formed on a third substrate, 

-the second substrate and the third substrate are provided in a region except for the pixel 

portion on the first substrate, and connecting such that a signal from the data line side driver 

circuit and a signal from the scanning line side driver circuit are input to the pixel portion, and 

-the semiconductor device has a function for displaying an image based on an image data 

stored in the memory portion. 

[0034} 

[0035] The second substrate and the third substrate may have the same thickness as the 

first substrate. 
[0035} 

[0036] The second substrate and the third substrate may be made of the same material 

as the first substrate. 
[0036} 

[0037] The second substrate and the third substrate may be one of a substrate having 

an insulating surface, an SOI substrate, and a silicon substrate. 
[0037} 

[0038] The . semiconductor device may have a function of displaying a still image 

based on the image data stored in the memory portion. 
[003&} 

[0039] The semiconductor device may include a memory control circuit, and 
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-the memory control circuit and the memory portion may be integrally formed on the 
same substrate. 
[0029} 

[0040] The semiconductor device may comprise a first region having a function of 

displaying the image and a second region having a function of supplying the image data to the 
first region, 

-the first region may include the substrate on which the pixel portion is formed, and 
-the semiconductor device may include a first display method of displaying the image 
based on the image data which the second region supplies and a second display method of 
displaying the image based on the image data stored in the memory portion provided in the first 
region. 

[0040} 

[0041] Power which the semiconductor device consumes by the second display 

method may be 70 {%}% or lower of power which the semiconductor device consumes by the 
first display method. 
[00444 

[0042] When the second display method is performed, 50 {%}% or higher of power 

which the semiconductor device consumes may be consumed in the first region. 
[0042} 

[0043] When the second display method is performed, 90 {%}% or higher of power 

which the semiconductor device consumes may be consumed in the first region. 
[0043} 

[0044] The first display method may be controlled by a CPU provided in the second 

region, 

-the second display method may be controlled by a control circuit provided in the first 
region, and 

-the second display method may be able to be performed with a state in which a power 
source of the CPU is turned off. 
[0044} 

[0045] There is provided a semiconductor device group comprising the semiconductor 

device (a first semiconductor device) having a function of displaying an image and the 
semiconductor device (a second semiconductor device) having a function of supplying image 
data to the first semiconductor device, wherein, 



NVA203591.RED 



-the semiconductor device group includes a first display method of displaying the image 
data from which the second semiconductor device supplies and a second display method of 
displaying the image based on the image data stored in the memory portion which the first 
semiconductor device includes. 
E©G4£f 

[0046] Power which the entire semiconductor device group consumes by the second 

display method may be 70 or lower of power which the entire semiconductor device group 
consumes by the first display method. 
[0046} 

[0047] When the second display method is performed, 50 \%}% or higher of power 

which the entire semiconductor device group consumes may be consumed in the first 
semiconductor device. 
E0047} 

[0048] When the second display method is performed, 90 or higher of power 

which the entire semiconductor device group consumes may be consumed in the first 
semiconductor device. 
E004S} 

[0049] The second display method may be performed by only the first semiconductor 

device. 

[0049] 

[0050] It is preferable that the memory portion has a memory capacity of 100 [kbits] 

to 10 rGbitsI . kbits to 10 Gbits. 
E00S0} 

[0051] It is more prefatable that the memory portion has a memory capacity of 1 

rMbits] to 128 TMbitGl Mbits to 128 Mbits. 
[00^4 

[0052] The memory portion may comprise any one of an SRAM, a DRAM, and an 

EEPROM. 
[00S2} 

[0053] The memory portion may comprise a combination of an SRAM, a DRAM, and 

an EEPROM. 
E00S3} 

[0054] The semiconductor device may be any one of an active matrix liquid crystal 

display device, a passive matrix liquid crystal display device, an active matrix EL display device, 
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and a passive matrix EL display device. 
\m&4] 

[0055] The semiconductor device may be one selected from a display, a video camera, 

a head mount display, a DVD player, a goggle type display, a personal computer, a mobile 
telephone, and a car audio. 
[0055} 

rEmbodimont Mode of the Inventionl BRlEF DESCRIPTION OF THE DRAWINGS 

[00561 Fig. 1 A block diagram of a semiconductor device according to the present invention in 
the application. 

[00571 Fig. 2 A block diagram of a semiconductor device according to the present invention in 
the application. 

[00581 Fig. 3 A block diagram of a conventional semiconductor device. 
[00591 Fig. 4 A block diagram of a conventional semiconductor device. 

[00601 Fig. 5 A block diagram of a semiconductor device according to the present invention in 
the application. 

[00611 Fig. 6 A block diagram of a semiconductor device according to the present invention in 
the application. 

[00621 Fig. 7 A block diagram of a semiconductor device according to the present invention in 
the application. 

[00631 Fig. 8 A block diagram of a semiconductor device according to the present invention in 
the application. 

[00641 Figs. 9(A) and 9(B) Views showing a structure of an active matrix liquid crystal display 
device. 

[00651 Figs. 10(A) and 10(B) Top and cross sectional views of an active matrix liquid crystal 
display device. 

[00661 Figs. 11(A) and 1KB) Top and cross sectional views of an active matrix liquid crystal 
display device. 

[00671 Figs. 12(A) and 12(B) Views showing a structure of an active matrix EL display device. 
[00681 Figs. 13(A) and 13(B) Top and cross sectional views of an active matrix EL display 
device. 

[00691 Figs. 14(A) and 14(B) Top and cross sectional views of an active matrix EL display 
device. 
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[00701 Figs. 15(A) and 15(B) Views showing a structure of a passive matrix display device. 
[00711 Fig. 16 A block diagram of a memory portion composing a semiconductor device 
according to the present invention in the application. 

[00721 Figs. 17(A) and 17(B) Circuit diagrams of a memory cell of an SRAM. 
[00731 Fig. 18 A circuit diagram of a memory cell of a DRAM. 
[00741 Fig. 19 A circuit diagram of a memory cell of an EEPROM. 

[00751 Fig. 20 A block diagram of a semiconductor device according to the present invention in 
the application. 

[00761 Fig. 21 A view showing a structure of a scanning line side driver circuit. 

[00771 Fig. 22 A view showing a structure of a data line side driver circuit. 

[00781 Figs. 23(A) to 23(C) Views showing manufacturing steps of the semiconductor device 

according to the present invention in the application. 

[00791 Figs. 24(A) to 24(C) Views showing manufacturing steps of the semiconductor device 
according to the present invention in the application. 

[00801 Fig. 25 A view showing manufacturing steps of the semiconductor device according to 
the present invention in the application. 

[00811 Figs. 26(A) to 26(E) Views showing manufacturing steps of the semiconductor device 
according to the present invention in the application. 

[00821 Figs. 27(A) and 27(B) Views showing manufacturing steps of the semiconductor device 
according to the present invention in the application. 

[00831 Figs. 28(A) to 28(F) Views showing one example of an electronic equipment to which 
the present invention in the application is applied. 

[00841 Figs. 29(A) and 29(B) Views showing one example of an electronic equipment to which 
the present invention in the application is applied. 

EMBODIMENT MODE OF THE INVENTION 

[0085J The present invention in the application is characterized in that in a 

semiconductor device, a memory portion is mounted on a substrate on which a pixel portion is 
formed and thus a still image or a moving image in a short time can be displayed with low 
consumption power. In this embodiment mode, a block diagram of a semiconductor device in 
which a semiconductor display device is incorporated and a flow of image data until an image is 
displayed will be described briefly. Note that respective blocks composing the present invention 
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in the application, such as the memory portion, a driver circuit, and a the pixel portion (circuit 

structures and the like) can be described in details with reference to embodiments. 



[0086] The description is made using Figs. 1 and 2. Fig. 1 is a block diagram of a 

semiconductor device in which a memory portion is integrally formed on a substrate on which a 
pixel portion is formed. Fig. 2 is a block diagram of a semiconductor device in which a stick 
driver having the memory portion is mounted on the substrate on which the pixel portion is 
formed. 

\m$j} 

[0087] First, Fig. 1 is referred to. A semiconductor device 101 comprises an input 

terminal 111, a first control circuit 112, a second control circuit 113, a CPU 114, a first memory 
115, a second memory 116, and a semiconductor display device 102. Further, the semiconductor 
display device 102 comprises a memory portion 120, a data line side driver circuit 117, a 
scanning line side driver circuit 118, and a pixel portion 119. The memory portion 120, the data 
line side driver circuit 117, the scanning line side driver circuit 118, and the pixel portion 119 are 
all formed on the same substrate. 

Eoos&f 

[0088] In the semiconductor device 101, a portion except for semiconductor display 

device 102 is similar to the semiconductor device shown in Fig. 3 (see Prior Art) and thus the 
description of the portion is omitted here. Note that an output signal from the second control 
circuit includes control signals (signals related to an address of a memory, write, and readout) for 
controlling the memory portion in addition to the image signal and the control signals (clock 
signal, start pulse, and the like), which are described in Prior Art. 
\W$9] 

[0089] When an image (in particular, a moving image) is displayed, the image signal 

and the control signals are input to the semiconductor display device 102. First, the image signal 
and the control signals related to an address of a memory, write, and readout are input to the 
memory portion. The image signal is stored in the memory portion 120. Image data stored in 
the memory portion 120 is again read out in accordance with the control signals and transferred 
to the data line side driver circuit 117. Simultaneously, the control signals such as the clock 
signal and the start pulse are input to the data line side driver circuit 117 and the scanning line 
side driver circuit 118. In the pixel portion 119, the image signal read out from the memory 
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portion 120 is displayed. 
[0060} 

[0090] When a still image is displayed, only the control signals are input to the 

semiconductor display device 102. Then, in accordance with the control signals related to an 
address of a memory, write, and readout, the image data stored in the memory portion 120 is read 
out and transferred to the data line side driver circuit 117. Simultaneously, the control signals 
such as the clock signal and the start pulse are input to the data line side driver circuit 117 and 
the scanning line side driver circuit 118. In the pixel portion 119, the image signal read out from 
the memory portion 120 is displayed. 
[0061} 

[0091] Thus, according to the present invention in the application, when the still image 

is displayed, the image data stored in the memory portion mounted on the substrate on which the 
pixel portion is formed can be used. As a result, as described above, only simple control signals 
from the outside of the substrate on which the pixel portion is formed are required and a large 
amount of data to be transferred in the case where the image signal is transferred from the 
outside of the semiconductor display device is not required. Thus, the power consumed in the 
outside of the substrate on which the pixel portion is formed can be greatly reduced. In some 
cases, the consumption power can be made to be 70 or lower, as compared with the case 
where image data is input from the outside of the substrate on which the pixel portion is formed 
and displayed. Further, the power consumed on the substrate on which the pixel portion is 
formed can be made to be 50 £%}% of the whole or more (preferably, 90 £%}% or more). 
Further, in the semiconductor device 101, all or a part of circuits (the first control circuit 112, the 
first memory 115, the second memory 116, and the CPU 114) except for the semiconductor 
display device 102 and the second control circuit 113 can also stop power source completely. 
Thus, the consumption power can be greatly suppressed as compared with the conventional 
semiconductor device. 
[0062} 

[0092] Further, according to the present invention in the application, a memory control 

circuit may be integrally formed on the substrate on which the pixel portion is formed (see 
Embodiment 1). Such a structure is used and simple calculation related to an address of the 
memory is performed by the memory control circuit on the substrate on which the pixel portion 
is formed. Thus, when the still image is displayed, the control signals input to the semiconductor 
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display device become further simple. Therefore, the consumption power is suppressed to be 
low more. 
[006£f 

[0093] Note that the semiconductor display device in which the memory portion, the 

pixel portion, and the driver circuits for the pixel portion are integrally formed, as shown in Fig. 
1, is mainly used for an active matrix display device comprising TFTs using polysilicon films. 
The display device may be the liquid crystal display device or the display device having a self 
luminescent layer (typically, the EL display device). An example of the active matrix liquid 
crystal display device, Embodiments 3 and 4 can be referred to. Further, as an example of the 
active matrix EL display device, Embodiments 6 and 7 can be referred to. 
[0064} 

[0094] Next, Fig 2 is referred to. A semiconductor device 201 is constructed by an 

input terminal 211, a first control circuit 212, a second control circuit 213, a CPU 214, a first 
memory 215, a second memory 216, and a semiconductor display device 202. 

[0095] The semiconductor device 201 is similar to the semiconductor device 101 

shown in Fig. 1 except for the semiconductor display device 202. Control signals (signals 
related to an address of a memory, write, and readout) for controlling memory portions in 
addition to the image signal and the control signals (clock signal, start pulse, and the like) are 
output from the second control circuit. 
E006ff 

[0096] Further, the semiconductor display device 202 comprises data line side stick 

drivers (portions surrounded by wave lines) 222a, 222b, and 222c in which pairs of memory 
portions and data line side driver circuits (220a, 217a), (220b, 217b), and (220c, 217c) are 
formed on the same substrate, scanning line side stick drivers (portions surrounded by wave 
lines) 221a and 221b including scanning line side driver circuits 218a and 218b respectively, and 
a pixel portion 219. The stick drivers are mounted on the substrate on which the pixel portion is 
formed. 

[0066} 

[0097] Then, as in the case of the semiconductor display device 102, when the moving 

image is displayed, the image signal and the control signals are input. Further, when the still 
image is displayed, only control signals are input. Thus, the image is displayed in the pixel 
portion 219. Note that in the semiconductor display device 202, the driver circuits for the pixel 
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portion and the memory portions are divided into a plurality of stick drivers. Thus, the signals 
input to the semiconductor display device 202 are transferred to the respective stick drivers. For 
example, when the still image is displayed, the control signals (input to the memory portions) 
related to an address of a memory, write, and readout and the control signals (input to the data 
line side driver circuits) such as a clock signal and a start pulse are input to the respective data 
line side stick drivers. Further, the control signals (input to the scanning line side driver circuits) 
such as the clock signal and the start pulse are input to the respective scanning line side stick 
drivers. 

[W6T\ 

[0098] Thus, also in the embodiment mode in which the memory is mounted by the 

stick drivers, when the still image is displayed, simple control signals may be only input from the 
outside of the substrate on which the pixel portion is formed. Thus, the consumption power with 
the transfer of a large amount of data, in which the image signal is transferred from the outside of 
the semiconductor display device, is greatly reduced. In some cases, the consumption power can 
be made to be 70 {%}% or lower, as compared with the case where image data is input from the 
outside of the substrate on which the pixel portion is formed and displayed. Also, the power 
consumed on the substrate on which the pixel portion is formed can be made to be 50 of 
the whole or more (preferably, 90 {%}% or more). Further, in the semiconductor device 201, all 
or a part of circuits (the first control circuit 212, the first memory 215, the second memory 216, 
and the CPU 214) except for the semiconductor display device 202 and the second control circuit 
213 can also stop power source completely. Thus, the consumption power can be greatly 
suppressed as compared with the conventional semiconductor device. 

[0099] Further, memory control circuit may be integrally formed on the substrate in 

which the stick drivers are formed (see Embodiment 1). Simple calculation related to an address 
of the memory is performed by the memory control circuits provided in the stick drivers. Thus, 
when the still image is displayed, the control signals input to the substrate on which the pixel 
portion is formed become further simple. Therefore, the consumption power is suppressed to be 
low more. 
[QQ69] 

[0100] Note that the semiconductor display device in which the stick drivers having 

the memory portions and the driver circuits for the pixel portion are mounted, as shown in Fig. 2, 
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is mainly used for an active matrix display device comprising TFTs using amorphous silicon 
films and a passive matrix display device. (However, the device is not limited to them.) The 
display device may be the liquid crystal display device or a display device having the self 
luminescent layer (typically, the EL display device). As an example of the active matrix liquid 
crystal display device, Embodiments 3 and 5 can be referred to. Further, as an example of the 
active matrix EL display device, Embodiments 6 and 8 can be referred to. Further, as an 
example of the passive matrix display device, Embodiment 9 can be referred to. 
[0070} 

[0101] Note that the substrate on which the stick drivers are formed may be a silicon 

substrate, an SOI substrate, or a substrate having an insulating surface. The stick drivers formed 
on the silicon substrate or the SOI substrate are miniature and have high characteristics. Further, 
it is preferable in the following points that the stick drivers are formed on a substrate made of the 
same material as the substrate on which the pixel portion is formed and are formed on a substrate 
having the same thickness as a counter substrate in the liquid crystal display device. First, in the 
case of the same material, the thermal expansion coefficient is same. Thus, even if a change in a 
temperature is caused in the display device, there is not the case where thermal stress is produced 
and thus there is not the case where characteristics of circuits manufactured using TFTs are 
deteriorated. Further, when the counter substrate of the liquid crystal display device and the 
substrate in which the stick drivers are formed have the same thickness, thinness of the entire 
semiconductor display device can be provided. As a mode in which the stick drivers are 
mounted, Embodiments 5 and 8 can be referred to. 
[00544 

[0102] Thus, in the present invention in the application, the memory portions are 

mounted on the substrate on which the pixel portion is formed. According to the present 
invention in the application, there are provided the semiconductor display device in which when 
the still image is displayed, the consumption power can be suppressed to be low and the 
semiconductor device in which the semiconductor display device is incorporated. 
[0072} 

[0103] Note that it is required for its applications that the memory portions have a 

memory capacity capable of storing at least one entire still image in the entire memory. It is 
further desirable that the memory portions have a memory capacity capable of storing a plurality 
of still images. If possible, it is also preferable that the memory portions have a memory 
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capacity capable of storing a moving image with a short time. 
[0073} 

[0104] For example, in the case of a monochrome display device with EGA standards, 

in which gray scale display is not performed, when one still image is displayed, about 256 
[kbitl kbit of data is required. In the case where 6 fbitjbit of digital signal is used as an image 
signal in an RGB-full-color display device with UXGA standards, when one still image is 
displayed, about 40 [Mbitl Mbit of data is required. When 60 frames per second are set and a 
moving image is displayed for about 1 minute in a similar display device, about 10 rGbitl Gbit of 
data is required. In the case of the semiconductor display device in which the stick drivers are 
mounted, the entire data line side driver circuit comprises a plurality of stick drivers. Thus, a 
capacity of the memory portion integrated in the respective stick drivers may be smaller than a 
capacity of one still image data. When the above descriptions are considered, it is preferable that 
the capacity of the memory portion is 100 fkbitl kbit or more. When the storage of the moving 
image is considered, it is preferable to have a memory capacity of about 10 fGbitl. Gbit. Of 
course, a larger memory capacity may be provided. When one to several tens of still image data 
and a work area are considered in the display device with XGA standards or UXGA standards, it 
is desirable that a capacity of the memory portion is 1 [Mbit] to 128 |"Mbit~|. Mbit to 128 Mbit. 
[0074} 

[0105] A memory composing the memory portions may be an SRAM, a DRAM, or an 

EEPROM. In the SRAM, an operational speed is very high but an integration density is low. In 
the DRAM, an operational speed is inferior to the SRAM but an integration density is higher 
than the SRAM. The EEPROM is characterized in that an operational speed is more later but an 
integration density is very high. As an example of a memory comprising the memory portions, 
Embodiments 10 to 13 can be referred to. 


[0106] Further, the memory portions may comprise a combination of the SRAM, the 

DRAM, and the EEPROM. For example, the memory portions composed of the SRAM having a 
high operational speed and the EEPROM having a high integration density are provided, and the 
SRAM can be used as a buffer for temporarily storing data and the EEPROM can be used as a 
main memory (see Embodiment 14). 
[007£f 

[0107] Note that, since image data stored in the memory portion is a digital signal, 
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when an image signal to be input is an analog signal, it is required that a D/A converter or an 
A/D converter is provided if necessary. In this case, it is desirable that the D/A converter or the 
A/D converter is integrally formed on the substrate on which the memory portions are formed. 

[oott} 

[0108] According to this embodiment mode, the memory portions are provided only in 

the data line side stick drivers. However, the memory portions may be provided in the scanning 
line side stick drivers. For example, in the case of a complicated driver method, information 
related to a driver signal in a scanning line side can be stored in the memory portions. 
[0078} 

[0109] According to this embodiment mode, in the case where an image is displayed, 

image signals are temporarily stored in the memory portions and then the image is displayed. 
However, the present invention in the application is not limited to this. The image signals may 
be simultaneously input to the memory portions and the data line side driver circuits or these 
modes may be switched in accordance with a control signal. 
[0079} 

(Embodim e nt 1 EMBODIMENT 1 

[0110] In the present invention in the application, it is preferable that a memory 

control circuit is mounted on a substrate on which the pixel portion is formed. 
[0080} 

[0111] Figs. 5 and 6 are block diagrams of a semiconductor device in which a 

semiconductor display device having a memory control circuit is incorporated. Portions except 
for the semiconductor display devices comprise input terminals 511 and 611, first control circuits 
512 and 612, second control circuits 513 and 613, CPUs 514 and 614, first memories 515 and 
615, second memories 516 and 616, respectively, and similar to the case of the semiconductor 
device (see Fig. 1) described in the embodiment mode. In a semiconductor display device 502 
shown in Fig. 5, a memory control circuit 517 is integrally formed with a memory portion 521, a 
data line side driver circuit 518, a scanning line side driver circuit 519, and a pixel portion 520 
on the same substrate. Further, in a semiconductor display device 602 shown in Fig. 6, stick 
drivers 623a, 623b, and 623c in which respective pairs of memory control circuits, memory 
portions, and data line side driver circuits (620a, 621a, 617a), (620b, 621b, 617b), and (620c, 
621c, 617c) are integrally formed are mounted on the substrate on which the pixel portion is 
formed. 
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\wm] 

[0112] The memory control circuit serves to decrease a control signal from the outside 

of the semiconductor display device. For example, a circuit for calculating an address of the 
memory is provided, and thus the control signal related to the address of the memory, which is 
transmitted from the outside of the semiconductor display device can be made to be a simple. It 
is not limited only to control of the memory portion and may include a circuit for further 
simplifying control signals of the scanning line side driver circuit and the data line side driver 
circuit. The memory control circuit may include any known circuit if it is a circuit capable of 
simplifying the control signal from the outside of the semiconductor display device. 
£0083} 

[0113] Thus, the memory control circuit is mounted on the semiconductor display 

device, in particular, the substrate on which the pixel portion is formed, in the case where the still 
image is displayed, and thus there are provided a semiconductor display device in which the 
consumption power is low and a semiconductor device in which the semiconductor display 
device is incorporated. 
E©083} 

[0114] Note that semiconductor display device (Fig. 5) in which the memory portion, 

the memory control circuit, the pixel portion, and the driver circuits for the pixel portion are 
integrally formed is used for mainly the active matrix display device composed of the TFTs 
using the polysilicon films. Further, the semiconductor display device (Fig. 6) in which the stick 
drivers having the memory portions, the memory control circuits, and the driver circuits for the 
pixel portion are mounted on the substrate on which the pixel portion is formed is used for 
mainly the active matrix display device composed of the TFTs using the amorphous silicon films 
and the passive matrix display device. The display device may be the liquid crystal display 
device or the display device having the self luminescent layer (typically, the EL display device). 
[0084} 

(Embodiment 2) EMBODIMENT 2 

[0115] The semiconductor devices (Figs. 1 and 2) described in the embodiment mode 

can be also considered as two independent semiconductor devices. In this embodiment, of the 
two independent semiconductor devices, a semiconductor device including a semiconductor 
display device will be described. The description is made using Figs. 7 and 8. 
£0085} 

[0116] The semiconductor device 701 shown in Fig. 7 comprises an input terminal 
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711, a control circuit 712, and a semiconductor display device 702. In the semiconductor display 
device 702, a memory portion 714 is integrally formed with a pixel portion 717, a data line side 
driver circuit 715, and a scanning line side driver circuit 716 on the same substrate. On the other 
hand, the semiconductor device 801 shown in Fig. 8 comprises an input terminal 803, a control 
circuit 804, and a semiconductor display device 802. In the semiconductor display device 802, 
memory portions 820a, 820b, and 820c and data line side driver circuits 817a, 817b, and 817c 
are mounted on the substrate on which the pixel portion is formed, using the stick drivers. The 
memory portions and the data line side driver circuits (820a, 817a), (820b, 817b), and (820c, 
817c), which compose the data line side stick drivers 822a, 822b, and 822c, respectively, are 
formed on the same substrate. Further, scanning line side driver circuits 818a and 818b may be 
formed using stick driver circuits. 
E©08&[ 

[0117] The semiconductor device described in this embodiment has a control circuit 

capable of performing image signal format conversion in addition to the semiconductor display 
device. In Fig. 7, image signals such as a color signal, an intensity signal, and a correction signal 
and a control signal are input to the semiconductor device 701. The image signals and the 
control signal, which are input to the semiconductor device 701 are input to the control circuit 
712 through the input terminal 711 and converted into an image format suitable for the 
semiconductor display device 702. Signals similar to the image signals and the control signal, 
which are input to the semiconductor display device shown in Fig. 1 (see the embodiment mode) 
are input to the semiconductor display device 702 and an image is displayed on the pixel portion 
717. Further, in the semiconductor device 801, the same operation is performed. Note that the 
control circuit is composed of a chip different from the pixel portion. 
E0087} 

[0118] Even in such a semiconductor device, when the still image is displayed, the 

image data stored in the memory portion mounted on the substrate on which the pixel portion is 
formed can be used. Thus, when a large amount of data is transferred, for example, when the 
image signal is transferred from the outside of the semiconductor display device, the 
consumption power can be greatly reduced. In some cases, the power consumed all in the first 
semiconductor device (701 or 801) and the second semiconductor device which supplies the 
image layer signals and the control signal to the first semiconductor device can be made to be 70 
or lower, as compared with the case where the image data is provided from the second 
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semiconductor display device and displayed. Further, the power consumed in the first 
semiconductor display device can be made to be 50 [%}% of the whole or more (preferably, 90 
or more). Further, the still image can be displayed on only the first semiconductor device 
without using the second semiconductor device. 
E©©g£f 

[0119] This embodiment can be applied to the liquid crystal display, the EL display, 

and the like. Further, this embodiment can be combined with Embodiment 1. That is, in the 
semiconductor devices shown in Figs. 7 and 8, the memory control circuit may be mounted on 
the semiconductor display device. 


(Embodiment 3) EMBODIMENT 3 

[0120] In this embodiment, an example that the present invention in the application is 

applied to an active matrix liquid crystal display device will be described. The description is 
made using Fig. 9. 
E0090} 

[0121] Fig. 9(A) is a block diagram of an active matrix liquid crystal display device. 

The active matrix liquid crystal display device shown in Fig. 9(A) has a pixel portion 901 in 
which pixels 904 are arranged in matrix, a data line side driver circuit 902, a scanning line side 
driver circuit 903, and a memory portion 905. Data lines 906 are connected with the data line 
side driver circuit 902. Scanning lines 907 are connected with the scanning line side driver 
circuit 903. A common potential is provided for a capacitor line 908. 


[0122] Note that the pixel portion 901, the data line side driver circuit 902, the 

scanning line side driver circuit 903, and the memory portion 905 may be formed on the same 
substrate. Further, the data line side driver circuit 902, the memory portion 905, and the 
scanning line side driver circuit 903 may be mounted on the substrate on which the pixel portion 
is formed, using the stick drivers described in the embodiment mode. 
[0092] 

[0123] Fig. 9(B) shows a circuit diagram of the pixel 904 composing the pixel portion 

901. The pixel 904 has a switching TFT 911, a liquid crystal element 914, and a capacitor 915. 
The gate electrode of the switching TFT 911 is connected with the scanning line 907 and one of 
the source and drain electrodes is connected with the data line 906. The other of the source and 
drain electrodes of the switching TFT 911 is connected with the liquid crystal 914 and the 
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capacitor 915. The other electrode of the liquid crystal element 914 is connected with a counter 
electrode 916 and the other electrode of the capacitor 915 is connected with the capacitor line 
908. 

[0Q9£f 

[0124] Note that one electrode of the capacitor 915 may be connected with the counter 

electrode 916 without providing the capacitor line 908. Further, the capacitor 915 may not be 
provided. Further, the switching TFT 911 may be an n-channel TFT or a p-channel TFT. 
[0094] 

[0125] This embodiment may be combined with any structure of Embodiments 1 and 

2. That is, the control circuit described in Embodiment 1 may be provided in the semiconductor 
display device of this embodiment. Further, the semiconductor display device of this 
embodiment may be incorporated in the semiconductor device of Embodiment 2. 


(Embodiment ^EMBODIMENT 4 

[0126] In this embodiment, an active matrix liquid crystal display device to which the 

present invention in the application is applied will be described using a top view and a cross 
sectional view. 
[0096} 

[0127] Fig. 10(A) is a top view of an active matrix liquid crystal display device 

indicating a state after filling of liquid crystal is made. In Fig. 10(A), a pixel portion 1002, a 
scanning line side driver circuit 1003, a data line , side driver circuit 1004, a memory portion 
1005, and a wiring 1006 are formed on a first substrate 1001. The first substrate 1001 and the 
second substrate 1009 are adhered to each other through a seal material 1008. The liquid crystal 
is filled between the two substrates, which is surrounded by the seal materials 1008 (see a liquid 
crystal layer 1010 in Fig. 10(B)). 

E00934 

[0128] The wiring 1006 is a connection wiring for transferring input signals to the 

scanning line side driver circuit 1003, the data line side driver circuit 1004, the memory portion 
1005, and the pixel portion 1002 and receives an image signal and a control signal from an FPC 
(flexible printed circuit) 1007 as a connection terminal to an external semiconductor device. 
[0098} 

[0129] Next, a cross sectional view corresponding to a cross section taken along A-A' 

in Fig. 10(A) is shown in Fig. 10(B). Note that in Figs. 10(A) and 10(B), the same symbols are 



NVA203591.RED 



26 



used for the same portions. 
[0099} 

[0130] In Fig. 10(B), the pixel portion 1002, the scanning line side driver circuit 1003, 

and the wiring 1006 are formed on the first substrate 1001. The pixel portion 1002 is composed 
of TFTs for controlling a voltage applied to a liquid crystal layer (referred to as switching TFTs) 
and a plurality of pixels including capacitors electrically connected with the drain regions, pixel 
electrodes, and the like (not shown). Further, the scanning line side driver circuit 1003 is 
composed of a CMOS circuit in which an n-channel TFT and a p-channel TFT are 
complementarity combined with each other. Further, color filters, scallop spacers, an overcoat 
layer, a counter electrode, and the like are formed on the second substrate 1009. 

Eowo} 

[0131] In the liquid crystal display device shown in Fig. 10B, the above first substrate 

1001 and the above second substrate 1009 are adhered to each other through the seal material 
1008, the liquid crystal is injected into the region surrounded by the first substrate 1001, the 
second substrate 1009, and the seal material 1008 (formation of the liquid crystal layer 1010), 
and the wiring 1006 and the FPC 1007 are electrically connected with each other using a 
conductive material 1011. 

\om] 

[0132] Note that a known liquid crystal material may be used as the liquid crystal 

material. An interval between the two substrates is determined by the scallop spacers provided 
in the second substrate. In the case of nematic liquid crystal, it is set to be 3 to 8 fuml- iim. In 
the case of smetic liquid crystal, it is set to be 1 to 4 [|xm]. |im. A second seal material may be 
provided so as to cover an exposed portion of the seal material 1008 and a portion of the FPC 
809. 

[&m) 

[0133] Note that the structure of this embodiment can be freely combined with any 

structure of Embodiments 1 to 3. 

\&m] 

(Embodiment 5) EMBODIMENT 5 

[0134] The present invention in the application can be also applied to an active matrix 

liquid crystal display device using stick drivers. 
[0+04} 

[0135] Fig. 11(A) is a top view of an active matrix liquid crystal display device 
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indicating a state after filling of liquid crystal is made. In Fig. 11(A), on a first substrate 1101, a 
pixel portion 1102, a wiring 1106, and a lead line 1110 are formed and scanning line side stick 
drivers 1111a and 1111b and data line side stick drivers 1112a, 1112b, and 1112c are mounted. 
The scanning line side stick drivers 1111a and 1111b have scanning line side driver circuits 
1103a and 1103b, respectively. The data line side stick drivers 1112a, 1112b, and 1112c have 
scanning line side driver circuit and memory portions (1104a and 1105 a), (1104b and 1105b), 
and (1104c and 1105c), respectively. The first substrate 1101 and the second substrate 1109 are 
adhered to each other through the seal material 1108 and the liquid crystal is sealed between the 
two substrates, which is surrounded by the seal material 1108 (see a liquid crystal layer 1113 in 
Fig. 11(B)). 

\&m) 

[0136] The wiring 1106 is a connection wiring for transferring signals input to the 

scanning line side stick drivers 1111a and 1111b, the data line side stick drivers 1112a, 1112b, 
and 1112c, and the pixel portion 1102 and receives an image signal and a control signal from an 
FPC (flexible printed circuit) 1107 as a connection terminal to an external semiconductor device. 
Further, the lead line 1110 is a wiring for inputting output signals from the scanning line side 
stick drivers 1111a and 1111b and the data line side stick drivers 1112a, 1112b, and 1112c to the 
pixel portion 1102. 

\&m} 

[0137] Next,- a cross sectional view corresponding to a cross section taken along A- A' 

in Fig. 11(A) is shown in Fig. 11(B). Note that in Figs. 11(A) and 11(B), the same symbols are 

used for the same portions. 



[0138] In Fig. 11(B), on the first substrate 1101, the pixel portion 1102, the wiring 

1106, and the lead line 1110 are formed and the scanning line side stick driver 1111a is mounted. 

\&m] 

[0139] Here, with respect to a region in which the two substrates are adhered to each 

other, as in the case of the cross sectional view shown in Fig. 10(B) (see Embodiment 4), the first 
substrate 1101 and the second substrate 1109 are adhered to each other through the seal material 
1108 and the liquid crystal layer 1113 is formed therebetween. 



[0140] Further, one edge of the wiring 1106 and the FPC 1107 are adhered to each 

other through an anisotropic conductive material. The anisotropic conductive material is made 



NVA203591.RED 



28 



of a resin 1115 and conductive particles 1114 in which Au or the like is plated on the surface and 
which has a diameter of several tens to several hundreds [|xm~|. |im. The wiring 1 106 and the FPC 
1107 are electrically connected with each other through the conductive particles 1114. 
[0440} 

[0141] Note that a second seal material may be provided so as to cover an exposed 

portion of the seal material 1108, a portion of the FPC 1107, a part of the scanning line side stick 
drivers 1111a and 1111b, and a part of the data line side stick drivers 1112a, 1112b, and 1112c. 
[OW^ 

[0142] Here, the stick driver and its mounting method will be briefly described. A 

cross sectional view of the scanning line side stick drivers 1111a is shown in Fig. 11(B) and has 
the scanning line side driver circuit 1103a and input and output terminals 1116. The scanning 
line side stick drivers 1111a is mounted by a method similar to a method of connecting the FPC 
1107 with the wiring 1106. That is, the scanning line side stick driver 1111a is adhered to the 
first substrate 1101 through the anisotropic conductive material. The input and output terminals 
1116 provided in the scanning line side stick drivers 1111a are electrically connected with the 
lead line 1110 and the wiring 1106 through the conductive particles 1114 mixed into the resin 
1115. 

[0443} 

[0143] The above mounting method is used for all the stick drivers mounted on the 

semiconductor device of this embodiment. Further, the mounting method for the stick driver is 
not limited to the method shown in Fig. 11(B), and thus a COG method, a wire bonding method, 
or a TAB method, which is known, except for the method as described here can be used. 

\om] 

[0144] Note that the stick driver may be formed on any substrate among a silicon 

substrate, an SOI substrate, and a substrate having an insulating surface. In particular, when the 
stick driver has the same thickness as the second substrate 1109, it is preferable that thinness of 
the entire semiconductor display device can be provided. Further, when the stick driver is made 
of the same material as the first substrate 1101, even if a change in temperature is caused in the 
liquid crystal display device, it is preferable that there is not the case where thermal stress is 
produced and thus there is not the case where characteristics of circuits manufactured using TFTs 
are deteriorated. 
[0444} 

[0145] Note that the structure of this embodiment can be freely combined with any 
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structure of Embodiments 1 to 3. 
E©«4} 

(Embodiment 61 EMBODIMENT 6 

[0146] In this embodiment, an example in which the present invention is applied to an 

active matrix EL display device will be described. The description is made with reference to Fig. 
12. 

EOtt&f 

[0147] Fig. 12(A) is a block diagram of an active matrix EL display device. The 

active matrix EL display device shown in Fig. 12(A) has a pixel portion 1201 in which pixels 
1204 are arranged in matrix, a data line side driver circuit 1202, and a scanning line side driver 
circuit 1203. Data lines 1206 are connected with the data line side driver circuit 1202. Scanning 
lines 1207 are connected with the scanning line side driver circuit 1203. A predetermined 
potential is provided for a power source supply line 1208. 


[0148] Note that the pixel portion 1201, the data line side driver circuit 1202, the 

scanning line side driver circuit 1203, and a memory portion 1205 may be formed on the same 
substrate. Also, the data line side driver circuit 1202, the memory portion 1205, and the 
scanning line side driver circuit 1203 may be mounted on the substrate on which the pixel 
portion is formed, using the stick drivers described in the embodiment mode. 
EOHS} 

[0149] Fig. 12(B) shows a circuit diagram of the pixel 1204 composing the pixel 

portion 1201. The pixel 1204 has a switching TFT 1211, an EL driving TFT 1214, and an EL 
element 1216. The gate electrode of the switching TFT 1211 is connected with the scanning line 
1207 and one of the source and drain electrodes is connected with the data line 1206. The other 
of the source and drain electrodes of the switching TFT 1211 is connected with the gate electrode 
of the EL driving TFT 1214. Further, the source electrode of the EL driving TFT 1214 is 
connected with the power source supply line 1208, and the drain electrode is connected with the 
EL element 1216. The other electrode of the EL element 1216 is connected with an opposing 
electrode 1217. 
\QU9] 

[0150] Note that a capacitor may be provided between the gate electrode of the EL 

driving TFT 1214 and the power source supply line 1208. Further, an n-channel TFT is used as 
the EL driving TFT. The switching TFT 1211 may be an n-channel TFT or a p-channel TFT. 
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[013©} 

[0151] This embodiment may be combined with any structure of Embodiments 1 and 

2. That is, the control circuit described in Embodiment 1 may be provided in the semiconductor 
display device of this embodiment. Also, the semiconductor display device of this embodiment 
may be incorporated in the semiconductor device of Embodiment 2. 

torn] 

(Embodiment 7) EMBODIMENT 7 

[0152] In this embodiment, an active matrix EL display device to which the present 

invention in the application is applied will be described using a top view and a cross sectional 
view. 

P2] 

[0153] Fig. 13(A) is a top view of an active matrix EL display device indicating a state 

after filling of an EL element. In Fig. 13(A), a pixel portion 1302, a scanning line side driver 
circuit 1303, a data line side driver circuit 1304, a memory portion 1305, and a wiring 1306 are 
formed on a substrate 1301. Further, reference numeral 1309 indicates a cover member, and 
reference numeral 1308 indicates a seal material. A filling material 1310 (see Fig. 13(B)) is 
provided in the region between the cover member 1309 surrounded by the seal material 1308 and 
the substrate 1301. 
[W^j 

[0154] The wiring 1306 is a connection wiring for transferring signals input to the 

scanning line side driver circuit 1303, the data line side driver circuit 1304, the memory portion 
1305, and the pixel portion 1302 and receives an image signal and a control signal from an FPC 
(flexible printed circuit) 1307 as a connection terminal to an external device. 

torn} 

[0155] Next, a cross sectional view corresponding to a cross section taken along A-A' 

in Fig. 13(A) is shown in Fig. 13(B). Note that in Figs. 13(A) and 13(B), the same symbols are 
used for the same portions. 

toi^ 

[0156] In Fig. 13(B), the pixel portion 1301 and the scanning line side driver circuit 

1303 are formed on the substrate 1301. The pixel portion 1301 is composed of switching TFTs, 
EL driving TFTs, and a plurality of pixels including pixel electrodes and the like. The respective 
pixels may include a color filter under the pixel electrode. An insulating film having opening 
portions is formed on the pixel electrodes and an EL layer and a counter electrode are formed 
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thereon. The counter electrode is common to all the pixels and electrically connected with the 
FPC 1307 through the wiring 1306. Further, the scanning line side driver circuit 1303 is 
composed of a CMOS circuit in which an n-channel TFT and a p-channel TFT are 
complementarily combined with each other. 
£0136} 

[0157] Li the EL display device shown in Fig. 13(B), the seal material 1308 is formed 

on the above substrate 1301 and adhered to the cover member 1309 after spacers are spread, and 
then the filling material 11310 is injected into a region surrounded by the substrate 1301, the 
cover member 1309, and the seal material 1308. The wiring 1306 and the FPC 1307 are 
electrically connected with each other through a conductive material 1311. 
E0427} 

[0158] Note that an EL layer 4029 may be formed with a laminate layer structure or a 

single layer structure by free combination of known EL materials (hole injection layer, hole 
transport layer, luminescent layer, electron transport layer, and electron injection layer). As the 
EL material, not only an organic material but also inorganic material can be used. As the cover 
member 1309, a plate made of the same material as the substrate 1301 may be used. Further, a 
second seal material (not shown) may be provided so as to cover an exposed portion of the seal 
material 1308 and a portion of the FPC 1307. 
P8} 

[0159] Note that the structure of this embodiment can be freely combined with any 

structure of Embodiments 1, 2 and 6. 
\m29] 

(Embodim e nt 8) EMBODIMENT 8 

[0160] The present invention in the application can be also applied to an active matrix 

EL display device using stick drivers. 

\mm\ 

[0161] Fig. 14(A) is a top view of an active matrix EL display device indicating a state 

after filling of an EL element. In Fig. 14(A), on a substrate 1401, a pixel portion 1402, a wiring 
1406, and a lead line 1410 are formed and scanning line side stick drivers 1411a and 1411b and 
data line side stick drivers 1412a, 1412b, and 1412c are mounted. The scanning line side stick 
drivers 1411a and 1411b have scanning line side driver circuits 1403a and 1403b. The data line 
side stick drivers 1412a, 1412b, and 1412c have scanning line side driver circuits and memory 
portions (1404a and 1405a), (1404b and 1405b), and (1404c and 1405c), respectively. Further, 
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reference numeral 1409 indicates a cover member, and reference numeral 1408 indicates a seal 
material. A filling material 1410 (see Fig. 14(B)) is provided in the region between the cover 
member surrounded by the seal material 1408 and the substrate. 

\om] 

[0162] The wiring 1406 is a connection wiring for transferring signals input to the 

scanning line side stick drivers 1411a and 1411b, the data line side stick drivers 1412a, 1412b, 
and 1412c, and the pixel portion 1402 and receives an image signal and a control signal from an 
FPC (flexible printed circuit) 1407 as a connection terminal to an external semiconductor device. 
Also, the lead line 1410 is a wiring for inputting output signals from the scanning line side stick 
drivers 1411a and 1411b and the data line side stick drivers 1412a, 1412b, and 1412c to the pixel 
portion 1402. 
P3] 

[0163] Next, a cross sectional view corresponding to a cross section taken along A- A' 

in Fig. 14(A) is shown in Fig. 14(B). Note that in Figs. 14(A) and 14(B), the same symbols are 
used for the same portions. 



[0164] In Fig. 14(B), on the substrate 1401, the pixel portion 1402, the wiring 1406, 

and the lead line 1410 are formed and the scanning line side stick driver 1411a is mounted. 

\mM\ 

[0165] Here, with respect to a region in which the two substrate are adhered to each 

other, as in the case of the cross sectional view shown in Fig. 13(B) (see Embodiment 7), the 
substrate 1401 and the cover member 1409 are adhered to each other through the seal material 
and the filling material 1413 is filled therebetween. Note that the same material plate for the 
substrate 1401 may be used for the cover member 1409. 


[0166] Also, one edge of the wiring 1406 and the FPC 1407 are adhered to each other 

through an anisotropic conductive material. The anisotropic conductive material is made of a 
resin 1415 and conductive particles 1414 in which Au or the like is plated on the surface and 
which has a diameter of several tens to several hundred fuml. iim. The wiring 1406 and the FPC 
1407 are electrically connected with each other through the conductive particles 1414. 
E©±36} 

[0167] Note that a second seal material may be provided so as to cover an exposed 

portion of the seal material 1408, a portion of the FPC 1407, a part of the scanning line side stick 
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drivers 1411a and 1411b, and a part of the data line side stick drivers 1412a, 1412b, and 1412c. 



[0168] The same method as described in Embodiment 5 may be used for a method of 

mounting the stick driver. A cross sectional view of the scanning line side stick driver 1411a is 
shown in Fig. 14(B) and has the scanning line side driver circuit 1403a and input and output 
terminals 1416. Further, the scanning line side stick driver 1411a is adhered to the substrate 
1401 through the anisotropic conductive material. The input and output terminals 1416 provided 
in the scanning line side stick driver 1411a are electrically connected with the lead line 1410 and 
the wiring 1406 through the conductive particles 1414 mixed into the resin 1415. 
[0«8} 

[0169] The above mounting method is also used for all the stick drivers mounted on 

the semiconductor device of this embodiment. Also, the mounting method for the stick driver is 
not limited to the method shown in Fig. 14(B), and thus a COG method, a wire bonding method, 
or a TAB method, which is known, in addition to the method as described here can be used. 


[0170] Note that the stick driver may be formed on any substrate among a silicon 

substrate, an SOI substrate, and a substrate having an insulating surface. In particular, the case 
where the stick driver has the same thickness as the cover member is preferable in the point that 
this contributes to thinness of the entire semiconductor display device. Also, when the stick 
driver is made of the same material as the substrate 1401, even if a change in temperature is 
caused in the EL display device, thermal stress is not produced. This is preferable in the point 
that characteristics of circuits manufactured using TFTs are not deteriorated. 
[0140] 

[0171] Note that the structure of this embodiment can be freely combined with any 

structure of Embodiments 1, 2 and 6. 
[QUi] 

(Embodiment 9) EMBODIMENT 9 

[0172] The present invention in the application can be also applied to a passive matrix 

display device. 
[0142] 

[0173] Fig. 15(A) is a block diagram of a passive matrix display device. The passive 

matrix display device shown in Fig. 15(A) has a pixel portion 1501, a data line side driver circuit 
1502, a scanning line side driver circuit 1503, and a memory portion 1505. The pixel portion 



NVA203591.RED 



34 



1501 is formed such that data lines 1506 connected with the data line side driver circuit 1502 
intersect the scanning lines 1507 connected with the scanning line side driver circuit 1503. 
[QM£\ 

[0174] Note that the data lines and the scanning lines are formed in upper and lower 

positions sandwiching a liquid crystal layer or a self luminescent layer. In the case of the liquid 
crystal display device, these are formed on a first substrate and a second substrate. In the case of 
the EL display device, the data lines, the EL layer, and the scanning lines are laminated on a 
substrate. 



[0175] The data line side driver circuit 1502, the scanning line side driver circuit 1503, 

and the memory portion 1505 may be directly formed on the substrate on which the pixel portion 
is formed or may be mounted thereon using the stick drivers. 
\QU3] 

[0176] Fig. 15(B) shows one example of a passive matrix liquid crystal display device 

using stick drivers. In Fig. 15(B), data line side stick drivers 1514 and scanning line side stick 
drivers 1515 are mounted on a first substrate 1511 and a second substrate 1512, respectively. A 
pixel region 1513 is formed such that a plurality of data lines formed in the first substrate side 
1511 intersect a plurality of scanning lines formed in the second substrate side. 
\&M6] 

[0177] Although not shown, the scanning line side stick drivers mounted on the first 

substrate have scanning line side driver circuits and are connected with the FPC through the 
scanning lines and wirings. Further, the data line side stick drivers mounted on the second 
substrate have data line side driver circuits and memory portions and are connected with the FPC 
through the data lines and wirings. A liquid crystal layer is formed between the first substrate 
and the second substrate. 
[OUT} 

[0178] — It is preferable that the substrate in which the stick drivers are formed has the 

same thickness and the same material quality as the substrate on which the pixel portion is 
formed. Of course, it may be formed on any substrate among a silicon substrate, an SOI 
substrate, and a substrate having an insulating surface. 
[0148} 

[0179] Note that the structure of this embodiment can be combined with any structure 

of Embodiments 1 and 2. That is, the control circuit described in Embodiment 1 may be 
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provided in the semiconductor display device of this embodiment. Alternatively, the 
semiconductor display device of this embodiment may be incorporated in the semiconductor 
device of Embodiment 2. 


(Embodiment 1 ^ EMBODIMENT 10 

[0180] In the present invention in the application, a memory composing a memory 

portion may be an SRAM, a DRAM, or an EEPROM. In this embodiment, a block diagram of 
the memory portion and basic operation thereof will be described. 
[0150} 

[0181] Fig. 16 shows one example of a block diagram of a memory portion composing 

the present invention in the application. In Fig. 16, the memory portion is composed of a 
memory cell array 1602 in which respective memory cells capable of storing one bit data are 
arranged in matrix, an X-address decoder 1603, a Y-address decoder 1604, a multiplexer 1606, a 
write circuit 1605, a readout circuit 1607, and other peripheral circuits 1608 and 1609. The 
memory portion may be any one of an SRAM, a DRAM, or an EEPROM. The memory cells, 
the write circuit, the readout circuit, the peripheral circuits, and the like are selected 
corresponding to an application. A plurality of bit lines 1611 are connected with the X-address 
decoder 1603 and the multiplexer 1606 and a plurality of word lines 1610 are connected with the 
Y-address decoder 1604. The respective memory cells are connected with the word lines and the 
bit lines. Other peripheral circuits includes an address buffer circuit, a control logic circuit, a 
redundancy circuit, and the like and are provided if necessary. It is preferable that a sense 
amplifier is provided in the readout circuit. 
EOi#±} 

[0182] With respect to the respective memory cells, Embodiments 11 to 13 can be 

referred to. Further, with respect to the other circuits, known circuit structures may be used. 
P3} 

[0183] Next, the basic operation of the memory portion will be described. First, when 

address information for the memory cell is input from the outside of the memory portion, one 
word line and one bit line are selected by the X-address decoder and the Y-address decoder and 
thus one memory cell is selected. Simultaneously, either readout operation or write operation is 
selected in accordance with a control signal from the outside of the memory portion. When the 
readout operation is performed, the bit line connected with the selected memory cell is connected 
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with the readout circuit and is output to the outside. When the write operation is performed, the 
bit line connected with the selected memory cell is connected with the write circuit and input 
data is written into the memory cell through the bit line. 
[0153} 

[0184] The above operation may be generally common in any memory among an 

SRAM, a DRAM, and an EEPROM. Note that there is the case where bit line pairs are 
connected with the respective memory cells in accordance with a kind of the memory. In this 
case, the selection of the memory cell is performed by selecting one word line and a pair of bit 
lines. In the case of the EEPROM, delete operation is performed in addition to the write 
operation and the readout operation. With repsect to the write operation, the readout operation, 
or the delete operation individually corresponded to respective memories, known operational 
methods suitable for respective circuit structures may be used. 
[0154} 

[0185] According to the present invention in the application, the memory portion is 

formed on the substrate on which the pixel portion is formed or formed on the substrate 
composing the stick driver. The memory portion may be formed on any substrate among a bulk 
silicon substrate, an SOI substrate, and a substrate having an insulating surface in accordance 
with a mounting mode. 
[0155} 

[0186] This embodiment may be combined with any structure of Embodiments 1 to 9. 

[0156} 

(Embodim e nt 1 1 ^ EMBODIMENT 11 

[0187] According to the present invention in the application, a memory composing a 

memory portion may be any one of an SRAM, a DRAM, or an EEPROM. In this embodiment, 
the case where the SRAM is used as the memory portion will be described. 
[0157} 

[0188] The SRAM has a characteristic that a write speed is very high as compared 

with the DRAM and the EEPROM. Further, if the power source is not turned off, the input data 
is kept until next data is input. Thus, refresh operation required in the DRAM is not necessary. 
Further, the SRAM can be formed using only a transistor. Thus, the SRAM can be integrally 
formed with the pixel portion and the driver circuits for the pixel portion without increasing the 
number of manufacturing steps. 
[015S} 
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[0189] Figs. 17(A) and 17(B) show an example of a memory cell of the SRAM. 

\mS9] 

[0190] In Fig. 17(A), the memory cell is composed of a flip flop 1707 having two p- 

channel transistors 1701 and 1703 and two n-channel transistors 1702 and 1704 and two 

switching transistors 1705 and 1706. 



[0191] In the flip flop 1707, the source regions of the p-channel transistors 1701 and 

1703 are connected with a high voltage side of Vdd and the source regions of the n-channel 
transistors 1702 and 1704 are connected with a low voltage side of Vss. The p-channel transistor 
1701 and the n-channel transistor 1702 make a pair and the p-channel transistor 1703 and the n- 
channel transistor 1704 make a pair. In the p-channel transistors and the n-channel transistors, 
which made pairs, their drain regions are connected with each other. In the p-channel transistors 
and the n-channel transistors, which made pairs, their gate electrodes are connected with each 
other. The drain regions of the p-channel and n-channel transistors as one of pairs are 
electrically connected with the gate electrodes of the p-channel and n-channel transistors as the 
other of pairs. The drain regions (potential is given as VI) of the p-channel transistor 1701 and 
the n-channel transistor 1702 are connected with one of the source and drain regions of the 
switching transistor 1705. The drain regions (potential is given as V2) of the p-channel transistor 
1703 and the n-channel transistor 1704 are connected with one of the source and drain regions of 
the switching transistor 1706. 
[QUi] 

[0192] The flip flop 1707 is designed such that the potentials VI and V2 becomes 

inverse potentials each other. That is, when the potential VI is Vdd, the potential V2 becomes 

Vss. When the potential V2 is Vss, the potential VI becomes Vdd. 



[0193] When a word line W and a bit line pair (Bl and B2) which are connected with 

the memory cell are selected, the switching transistor 1705 and 1706 become an on-state. At the 
time of write, signals input to the bit line pair (Bl and B2) are written into the flip flop 1707. At 
the time of readout, the potentials VI and V2 of the flip flop 1707 is read out through the bit line 
pair (Bl andB2). 
[0±6£f 

[0194] Next, a memory cell different from that in Fig. 17(A) is shown in Fig. 17(B). 
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In Fig. 17(B), the memory cell is composed of a flip flop 1717 having two n-channel transistors 
1711 and 1713 and two resistors 1712 and 1714, and two switching transistors 1715 and 1716. 

\owq 

[0195] In the flip flop 1717, the drain regions of the n-channel transistors 1711 and 

1713 are connected with a high voltage side of Vdd through the resistors 1712 and 1714, and the 
source regions are connected with a low voltage side of Vss. The drain regions of the n-channel 
transistors are electrically connected with the gate electrodes of the n-channel transistors with 
each other. The drain regions (potential is given as V3) of the n-channel transistor 1711 are 
connected with one of the source and drain regions of the switching transistor 1715. The drain 
regions (potential is given as V4) of the n-channel transistor 1713 are connected with one of the 
source and drain regions of the switching transistor 1716. 


[0196] The flip flop 1717 is designed such that the potentials V3 and V4 become 

inverse potentials with each other. That is, when the potential V3 is Vdd, the potential V4 
becomes Vss. When the potential V4 is Vss, the potential V3 becomes Vdd. 
EOM6} 

[0197] When a word line W and a bit line pair (Bl and B2) which are connected with 

the memory cell are selected, the switching transistors 1715 and 1716 become an on-state. At 
write, signals input to the bit line pair (Bl and B2) are written into the flip flop 1717. At 
readout, the potentials VI and V2 of the flip flop 1717 are read out through the bit line pair (Bl 
and B2). 
[0167} 

[0198] Note that the memory cell of the SRAM is not limited to that shown in Fig. 18. 

A memory cell of another known SRAM may be used. 
[0168} 

[0199] This embodiment may be combined with any structure of Embodiments 1 to 

10. 

\m€9] 

(Embodiment 1 2) EMBODIMENT 12 

[0200] According to the present invention in the application, a memory composing a 

memory portion may be any one of an SRAM, a DRAM, or an EEPROM. In this embodiment, 
the case where the DRAM is used as the memory portion will be described. 

Eowoj 
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[0201] In the DRAM, since a memory cell is composed of one transistor and one 

capacitor, as described later, the memory cell having a smaller area than the SRAM can be 
realized. As a result, a memory having a larger capacity and a lower cost than the SRAM can be 
realized. Further, an operational speed is inferior to the SRAM but superior to the EEPROM. 
The DRAM can be formed using a transistor and a capacitor. Thus, when only a capacitor 
forming process is added, the DRAM can be integrally formed with the pixel portion and the 
driver circuits for the pixel portion. 
[0171] 

[0202] Fig. 18 shows one example of a memory cell of the DRAM. In Fig. 18, the 

memory cell is composed of a capacitor 1802 for storing charge and a switching transistor 1801 
for controlling charge and discharge. The gate electrode of the switching transistor 1801 is 
connected with a word line W, one of the source and drain regions is connected with a bit line B, 
and the other of the source and drain regions is connected with the capacitor 1802. A standard 
potential is provided for the other electrode of the capacitor 1802. 


[0203] The DRAM stores one bit information in accordance with a state whether or 

not charge is stored in the capacitor composing the memory cell. In data write, the switching 
transistor 1801 connected with the word line W is made to be an on-state and the potential of the 
bit line B is made to be a high potential or a low potential. Thus, the amount of charge stored in 
the capacitor 1 802 of the memory cell is controlled. On the other hand, in data readout, the 
switching transistor connected with the word line W is made to be an on-state 1801 and the 
capacitance of the capacitor 1802 of the memory cell and a parasitic capacitance of the bit line B 
are redistributed. Thus, a change in a potential of the bit line B is detected by a readout circuit 
having a sense amplifier. 



[0204] Note that in the DRAM, loss of charge stored in the capacitor is caused for a 

short time by an off current of the switching TFT. In order to prevent this in the DRAM, refresh 
operation such as readout and rewrite are performed every predetermined period is required. 



[0205] Note that a known structure may be used as the structure of the memory cell 

composing the DRAM (in particular, the structure of the capacitor). 



[0206] This embodiment may be combined with any structure of Embodiments 1 to 
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10. 



(Embodiment 1 3) EMBODIMENT 13 

[0207] According to the present invention in the application, a memory composing a 

memory portion may be any one of an SRAM, a DRAM, or an EEPROM. In this embodiment, 
the case where the EEPROM is used as the memory portion will be described. 

\#m] 

[0208] The EEPROM is a nonvolatile memory and different from the SRAM and the 

DRAM. Thus, when the EEPROM is used as the memory portion of the present invention in the 
application, even if the power source is turned off, loss of the memory is not caused. Thus, a still 
image before the power source is turned off can be again displayed. 

[0209] The EEPROM has a defect that write operation is late. However, the memory 

cell can be constructed by one memory transistor. As a result, the area of the memory cell can be 
decreased relatively to the SRAM and the DRAM and the memory having a large memory 
capacity can be realized. 

\&m] 

[0210] The EEPROM is formed by the memory transistor. As a typical memory transistor, 
there is a memory transistor having a floating gate electrode. In this case, in a manufacturing 
process, by addition of a step of forming the floating gate electrode, the EEPROM can be 
integrally formed with the pixel portion and the driver circuits for the pixel portion. 
E©W£f 

[0211] The EEPROMs are classified in a full functional EEPROM capable of performing 
operation every one bit and a flash memory for performing delete operation every block. The 
flash memories are further classified in several kinds of memories such as a NOR type and a 
NAND type. Since the memory cell is composed of two memory transistors, the full functional 
EEPROM is not suitable to increase in capacity but has a high function. On the other hand, since 
the memory cell is composed of one memory transistor, a high integration density in the flash 
memory can be realized. Of course, in the present invention in the application, when the 
EEPROM is used as the memory portion, any known EEPROMs including the above EEPROM 
may be used. 
[QUO] 

[0212] Fig. 19 is a circuit view of a memory cell of a NOR type flash memory as one 

example of the EEPROM. In Fig. 19, the memory cell is composed of one memory transistor 
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1901. The control gate electrode of the memory transistor is connected with a word line W and 
one of the source and the drain regions is connected with a bit line B. A potential V0 is provided 
for the other of the source and drain regions. The memory transistor 1901 may be an n-channel 
or a p-channel. In this embodiment, it is made to be the n-channel. 

\om] 

[0213] The EEPROM stores one bit information in accordance with the presence of 

charge in the floating gate electrode of the memory transistor composing the memory cell. 
Hereinafter, basic write, readout, and delete operations will be described. 



[0214] When data is written into the memory transistor 1901, the potential V0 is made 

to be GND and a positive high voltage (for example 20 fV^V) is applied to the bit line B and the 
word line W, respectively. As a result, a hot electron produced by impact ionization is injected 
into the floating gate electrode and the write is performed. A threshold voltage of the memory 
transistor is changed depending on the amount of charge stored in the floating gate electrode. 

Eom} 

[0215] When the data memorized in the memory transistor 1901 is read out, the 

potential V0 is made to be GND and a predetermined voltage (described later) is applied to the 
word line W. Then, the data stored in the memory cell is read out from the bit line B in 
accordance with the threshold voltages in the case where the charge is stored in the floating gate 
electrode of the memory transistor 1901 and in the case where the charge is not stored therein. 
[QUA] 

[0216] Note that the predetermined voltage may be set to be a value between a 

threshold voltage in a deleted state (state that an electron is not stored in the floating gate 
electrode) and a threshold in a written state (state that an electron is stored in the floating gate 
electrode). For example, when a memory TFT with a deleted state has a threshold voltage of 0.5 
£V}V to 3.5 fVJV and a memory TFT with a written state has a threshold voltage of 6.5 £V}V or 
higher, for example, 5 £V}V can be used as the predetermined voltage. 

yms] 

[0217] Finally, when the deletion in the memory transistor 1901 is performed, the 

potential V0 and the word line W are fallen in GND. Then, when a positive high voltage (for 
example, 20 £VJ)V) is applied to the bit line B, in the memory transistor 1901, an electron stored 
in the floating gate electrode is injected into the drain region by a tunnel current and thus the 
memorized data is deleted. 
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EOissf 

[0218] Note that this embodiment may be combined with any structure of 

Embodiments 1 to 10. 



(Embodiment 1 ^ EMBODIMENT 14 
[0219] According to the present invention in the application, a memory portion may be 
composed of a plurality of memories. In this embodiment, a semiconductor display device in 
which the memory portion is composed of an SRAM and a flash memory will be described. 
P8} 

[0220] The SRAM can perform high speed data write as compared with a DRAM and 

an EEPRAM. On the other hand, the flash memory can realize a high integration scale as 
compared with the SRAM and the DRAM. In this embodiment, characteristics of such 
memories are used and thus the SRAM is used as a cache memory and flash memory is used as a 
main memory. 
\m$9] 

[0221] Fig. 20 is a block diagram of a semiconductor display device of this 

embodiment. In a semiconductor display device 2001 of this embodiment, a memory portion 
2009 composed of flash memory 2004 and an SRAM 2003, a pixel portion 2007, a scanning line 
side driver circuit 2006, a data line side driver circuit 2005, and a memory control circuit 2002 
are provided. Also, an image signal, various control signals, and the like are transmitted through 
a FPC (flexible printed circuit) 2008. 
[04-90} 

[0222] In this embodiment, the memory control circuit 2002 controls operations for 

storing and reading out image data into and from the SRAM 2003 and the flash memory 2004. 
When the memory portion 2009 is controlled by a control circuit outside of the semiconductor 
display device 2001, the memory control circuit 2002 may be not provided. 

\om$ 

[0223] The semiconductor device 2001 of this embodiment may be a mode in which 

the memory portion 2009, the pixel portion 2007, the scanning line side driver circuit 2006, the 
data line side driver circuit 2005, and the memory control circuit 2002 are integrally formed on 
the same substrate. Alternatively, it may be a mode in which a stick driver in which the memory 
portion 2009, the data line side driver circuit 2005, and the memory control circuit 2002 are 
integrally formed and a stick driver including the scanning line side driver circuit 2006 are 
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mounted on which the pixels are formed. 

\&m) 

[0224] First, the case where an image is displayed will be described. In the 

semiconductor display device 2001 of this embodiment, an image signal and control signals, 
which are transmitted from the outside, are input to the memory control circuit 2002 through the 
FPC 2008. The image signal is firstly stored in the SRAM 2003, then again read out, and 
transferred to the data line side driver circuit 2005 and the flash memory 2004. The image signal 
is displayed in the pixel portion 2007 and stored in the flash memory 2004. Note that multibit 
simultaneous write is performed as a write method for the flash memory 2004 and thus it is 
preferable that the write speed is enhanced. 

\om] 

[0225] When a still image is displayed, only control signals are input to the memory 

control circuit 2002 through the FPC 2008 from the outside of the semiconductor display device 
2001. Then, image data stored in the flash memory is displayed in the pixel portion in 
accordance with control signals output from the memory control circuit 2002. 
P4] 

[0226] Thus, when the SRAM is used as the cache memory, even in the flash memory 

in which the write speed is late, the storage of image data can be performed. Also, when the 
flash memory having a high integration scale is used as the main memory, a large number of 
image data can be stored as compared with the case where the SRAM or the DRAM is used. 
[OWf} 

[0227] For example, the SRAM may be set to be 1 fkbitl to 1 TMbitl kbitto 1 Mbit and 

the flash memory may be set to be 1 [Mbit] to 10 [Gbifl. Mbit to 10 Gbit. In particular, when a 
flash memory having a large capacity is provided, a moving image with a short time can be also 
displayed using the image data stored in the memory portion. 


[0228] Note that the structure of this embodiment can be embodied by being freely 

combined with any structure of Embodiments 1 to 13. 


(Embodiment 1 5) EMBQDIMENT 15 

[0229] In this embodiment, driver circuits for a pixel portion according to the present 

invention in the application will be described. 
E0198} 
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[0230] Fig. 21 shows one example of a circuit structure of a scanning line side driver 

circuit. In Fig. 21, a shift register circuit 2101, a level shifter circuit 2102, and a buffer circuit 
2103 are provided in the scanning line side driver circuit from a signal input side. Although the 
shift register circuit 2101 is operated with a power source voltage of 3 to 5 fV^V, the buffer 
circuit 2103 is operated with a voltage capable of driving a switching TFT composing a pixel. 
For example, about 16 {vJV in an active matrix liquid crystal display device using polysilicon 
films, about 20 to 30 {vJV in an active matrix liquid crystal display device using amorphous 
silicon films, and about 10 fv}V in an active matrix EL display device using polysilicon films are 
required. 

[&m} 

[0231] Therefore, it is necessary to improve a withstanding voltage of TFTs in circuits 

subsequent to the level shifter circuit 2102. Concretely, it is preferable that a channel length is 
set to be 5 fftmfym or longer and a structure in which an LDD region overlapped with a gate 
electrode is provided is used. Also, it is desirable that a gate insulating film is formed at a 
thickness of 100 to 200 [nm"|.nm. In addition, in order to improve the withstanding voltage of 
the TFTs, a multi gate structure in which a plurality of gate electrodes are provided may be used. 
[0200} 

[0232] On the other hand, Fig. 22 shows one example of a circuit structure of a data 

line side driver circuit. In Fig. 22, a shift register circuit 2201, latch circuits 2202 and 2203, a 
level shifter circuit 2204, and a D/A converting circuit 2205 are provided in the data line side 
driver circuit from a signal input side. In this embodiment, a digital signal having 3 bits is input 
and an image signal converted into an analog signal by the D/A converting circuit 2205 is output. 
Although the shift register circuit 2201 and the latch circuits 2202 and 2203 are operated with 3 
to 5 fV^V^ the D/A converting circuit 2205 is preferably operated with a driver voltage suitable 
for each semiconductor display device. For example, 10 to 15 fv}V in an active matrix liquid 
crystal display device and about 10 fvJV in an active matrix EL display device may be operated 
driving. 

£0201} 

[0233] With respect to the data line side driver circuit, it is unnecessary to largely 

consider a withstanding voltage in circuits subsequent to the level shifter circuit 2204. However, 
high speed operation with 10 |"MHz] MHz or higher is required. In order to realize the high speed 
operation, it is desirable that a channel length is set to be 0.5 to 5 fftm}|im and a thickness of a 
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gate insulating film is set to be 40 to 100 [nm]jim, preferably 75 [nml.nm. Also, it is preferable 
that an LDD region overlapped with a gate electrode is formed at a length of 0.5 to 1 fam^m 
and thus it is preferable that the influence of a parasitic capacitance is minimized. 
[0202} 

[0234] Note that this embodiment can be embodied by being combined with 

Embodiments 1 to 14. 
[02034 

(Embodiment 1 61 EMBODIMENT 16 

[0235] In this embodiment, a method of manufacturing the semiconductor device 

according to the present invention in the application on a substrate having an insulating surface 
will be described. The present invention in the application includes an active matrix display 
device (EL display device or liquid crystal display device) in which a pixel portion, driver 
circuits for the pixel portion, and a memory portion are integrally formed on the same substrate, 
a passive matrix display device (EL display device or liquid crystal display device) and the like. 
However, in this embodiment, a method of simultaneously manufacturing a pixel portion of the 
active matrix EL display device, driver circuits for the pixel portion, and a memory portion 
composed of an SRAM on a substrate having an insulating surface will be described. 
[0204} 

[0236] In order to make the description simple, a switching TFT (n-channel TFT) and 

an EL driving TFT (p-channel TFT), which is composing a pixel, as a representative of the pixel 
portion, and a p-channel TFT and an n-channel TFT, which compose a CMOS circuit as 
representatives of the driver circuits for the pixel portion, a memory cell of the SRAM and its 
driver circuit, are simultaneously manufactured. Also, in this embodiment, steps after a pixel 
electrode in the pixel portion is manufactured are omitted. A known manufacturing method may 
be used for steps after a pixel electrode in the EL display device is manufactured. 
E020S} 

[0237] Note that when it is based on this embodiment, a method of manufacturing 

another mode of the present invention in the application can be easily considered. For example, 
although the pixel in the liquid crystal display device is composed of a switching TFT, this 
switching TFT can be formed by the same manufacturing steps as the switching TFT composing 
the pixel in the EL display device. Also, a stick driver using a substrate having an insulating 
surface can be manufactured by the manufacturing steps except for the pixel portion in this 
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embodiment. Note that as to a method of manufacturing a memory TFT composing a memory 
cell of a flash memory, Embodiment 17 can be referred to. 
[0206} 

[0238] First, as shown in Fig. 23(A), a base film 5002 made from an insulating film 

such as a silicon oxide film, a silicon nitride film, or a silicon oxynitride film is formed on a 
substrate 5001 made of glass such as barium borosilicate glass which represents #7059 glass, 
#1737 glass, or the like, produced by Corning Inc. or aluminoborosilicate glass. For example, a 
silicon oxynitride film 5002a made of SiH 4 , NH 3 , and N2O is formed at 10 to 200 fnmfrim 
(preferably 50 to 100 [nm])nm) by a plasma CVD method, and similarly a silicon hydroxynitride 
film 5002b made of S1R4 and N2O is laminated at a thickness of 50 to 200 [nmjnm (preferably 
100 to 150 nm), [nml). In this embodiment, the base film 5002 is indicated as a two-layers 
structure. However, a single layer film of the above insulating film or a structure in which at 
least two layers are laminated may be used. 
[0207} 

[0239] Island-like semiconductor layers 5003 to 5006 are formed of crystalline 

semiconductor films obtained by crystallizing semiconductor films having amorphous structures 
with a laser crystallization method or a known thermal crystallization method. The island-like 
semiconductor layers 5003 to 5006 are formed at a thickness of 25 to 80 fnmlnm (preferably 30 
to 60 [nm1), nm), Although a material of the crystalline semiconductor film is not limited, it is 
preferably formed with silicon, a silicon germanium (SiGe) alloy, or the like. 
E©2©8} 

[0240] When the crystalline semiconductor film is formed with the laser 

crystallization method, pulse oscillation type or continuous light emission type excimer laser, 
YAG laser, or YVO4 laser is used. In the case where those lasers are used, a method of 
irradiating the semiconductor film with laser light which is radiated from a laser oscillator and 
condensed in a linear form by an optical system is preferably used. A crystallization condition is 
suitably selected by an operator. However, in the case where the excimer laser is used, a pulse 
oscillation frequency is set to be 30 fHzJHz and a laser energy density is set to be 100 to 400 
[mJ/cm a 4 mJ/cm 2 (typically 200 to 300 [m J/cm ^ mJ/cm 2 ) . Also, in the case where the YAG 
laser is used, it is preferable that a pulse oscillation frequency is set to be 1 to 10 |"kHz] kHz using 
the second harmonic, and a laser energy density is set to be 300 to 600 [mJ/cm }mJ/cm_ 
(typically 350 to 500 [m J/cm ^ m J/ cm 2 ) . Then, the entire surface of the substrate is irradiated 
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with laser light which is condensed in a linear form with a width of 100 to 1000 |"^m], [xm, for 
example, 400 [pm]. |xm. At this time, an overlap ratio of linear formed laser light is set to be 80 
to 98 

£0209} 

[0241] A gate insulating film 5007 is formed using an insulating film including silicon 

at a thickness of 40 to 150 [nml nm by a plasma CVD method or a sputtering method. In this 
embodiment, it is formed using a silicon oxynitride film at a thickness of 120 |"nm1. nm. Of 
course, the gate insulating film is not limited to such silicon oxynitride film, and insulating film 
including another silicon may be used as a single layer or a laminate structure. For example, in 
the case where a silicon oxide film is used, TEOS (tetraethyl orthosilicate) and O2 are mixed and 
discharge can be produced with a reaction pressure of 40 fPa^Pa, a substrate temperature of 300 
to 400 P€^°C a high frequency (13.56 rMHzD J VlHz), and a power density of 0.5 to 0.8 
[W/cm 2 : fW/cm 2 and formed by a plasma CVD method. When thermal-annealed at 400 to 500 
[ 0 CL °C the thus formed silicon oxide film can obtain a satisfactory characteristic for the gate 
insulating film. 


[0242] Then, a first conductive film 5008 and a second conductive film 5009 for 

forming a gate electrode (two-layers structure in this embodiment) are formed on the gate 
insulating film 5007. The first conductive film 5008 is formed using Ta at a thickness of 50 to 
100 [nmlnm and the second conductive film 5009 is formed using W at a thickness of 100 to 300 
rnml. nm. 

\mu^ 

[0243] A Ta film is formed by a sputtering method using Ta as a target. In this case, 

when a proper amount of Xe or Kr is added to Ar, internal stress in the Ta film is relaxed and 
peeling of the film can be prevented. Also, a resistivity of the Ta film of a phase is about 20 
|"(xQcm] |j,Qcm and it can be used as a gate electrode. However, a resistivity of the Ta film of p 
phase is about 180 |"|iQcm"| |iQcm and it is not suitable for the gate electrode. When tantalum 
nitride having a crystalline structure near to the a phase in Ta is formed as a base of Ta at a 
thickness of about 10 to 50 rnm], nm, the Ta film of a phase can be easily obtained. 
[0212} 

[0244] A W film is formed by a sputtering method using W as a target. In addition, it 

can be also formed by a thermal CVD method using tungsten hexafluoride (WFe). Even in any 
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case, in order to use it as a gate electrode, a low resistance is required. With respect to the W 
film, when crystal grain is enlarged, the resistivity can be lowered. However, when the amount 
of impurity element such as oxygen in W is large, crystallization is suppressed and resistance is 
increased. A W target having a purity of 99. 9999 is used as a target of W. Further, the W 
film is formed with sufficient consideration so that an impurity is not entered from gas phase at 
film formation. Thus, the resistivity of 9 to 20 r|ificm1 |aQcm can be realized. 

\*mi] 

[0245] Note that in this embodiment, the first conductive film 5008 is Ta and the 

second conductive film 5009 is W. However, the present invention is not limited to these 
materials, and an element selected from Ta, W, Ti, Mo, Al, and Cu, or an alloy material or a 
compound material, which includes mainly the above element can also be used. Also, a 
semiconductor film represented by a polycrystalline silicon film in which an impurity element 
such as phosphorus is doped may be used. As preferable examples of another combination 
except for this embodiment, there are a combination in which the first conductive film is formed 
using tantalum nitride (TaN) and the second conductive film is formed using W, a combination in 
which the first conductive film is formed using tantalum nitride (TaN) and the second conductive 
film is formed using Al, and a combination in which the first conductive film is formed using 
tantalum nitride (TaN) and the second conductive film is formed using Cu. 
[0214} 

[0246] Next, as shown in Fig. 23(B), a mask 5010 by a resist is formed and first 

etching processing is performed. The etching method is not limited, but in this embodiment, an 
ICP (inductively coupled plasma) etching method is used. CF4 and CI2 are mixed with an etching 
gas, and RF power having 500 fWJW and 13.56 [MHzlMHz is supplied to a coil-shaped 
electrode at a pressure of 1 {PaJPa to produce plasma. Also, RF power having 100 {W}W and 
13.56 [MHzlMHz is supplied to a substrate side (sample stage) to apply a substantially negative 
self bias voltage. When CF 4 and CI2 are mixed, both the W film and Ta film are etched to the 
same degree. 
[02±ff 

[0247] In the first etching processing, first conductive layers and second conductive 

layers are processed such that these end portions become taper shapes. An angle of taper 
portions is set to be 15 to 45 p}r°. In order to perform etching without leaving the residue on the 
gate insulating film, an etching time is preferably increased at a ratio of about 10 to 20 f%^r%. 
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Since a selection ratio of the silicon oxynitride film to the W film is 2 to 4 (typically 3), an 
exposed surface of the silicon oxynitride film is etched at about 20 to 50 fnmfom by overetching 
processing. Thus, first shaped conductive layers 5011 to 5015 made from the first conductive 
layers and the second conductive layers (first conductive layers 5011a to 5015a and second 
conductive layers 5011b to 5015b) are formed by the first etching processing. Note that in the 
gate insulating film, regions which are not covered with the first shaped conductive layers 5011 
to 5015 are etched at about 20 to 50 famfam and become thin. 

\m&\ 

[0248] Next, first doping processing is performed to add an impurity element 

imparting an n-type. As the doping method, an ion doping method or an ion implantation 
method is preferably used. As a condition of the ion doping method, a dose is set to be 1 x 10 13 
to 5 x 10 14 [atoms/cm ^ atoms/cm 2 and an accelerating voltage is set tot be 60 to 100 fkeV"|. keV. 
In this case, the conductive layers 5011 to 5015 become masks against the impurity element 
imparting an n-type and thus first impurity regions 5017 to 5025 are formed in a self-aligning 
manner. As the impurity element imparting an n-type, an element that belongs to group 15, 
typically, phosphorus (P) or arsenic (As) is preferably used. The impurity element imparting an 
n-type (phosphorus (P) in this embodiment) is added to the first impurity regions 5017 to 5025 at 
a concentration range of 1x10 to 1x10 [atoms/cm ]atoms/cm_. 
\Q2VJ] 

[0249] Next, second etching processing is performed. In this embodiment, CF4, CI2, 

and O2 are used as an etching gas and etching by an ICP apparatus is performed. In the second 
etching process, the W film is selectively etched such that the conductive layers become second 
shaped conductive layers 5026 to 5030 shown in Fig. 23(C) (first conductive layers 5026a to 
5030a and second conductive layers 5026b to 5030b). At this time, in the gate insulating film, 
regions which are not covered with the second shaped conductive layers 5026 to 5030 are further 
etched at about 20 to 50 famfom and become thin. 
E©2±$} 

[0250] Then, second doping processing is performed as shown in Fig. 24(A). In this 

case, with a condition in which a dose is low and an accelerating voltage is high as compared 
with the first doping processing, an impurity element imparting an n-type is doped. For example, 
an accelerating voltage is set to be 70 to 120 fkeVJkeV and it is performed at a dose of 1 x 10 13 
[atoms/cm ^ atoms/cm to form new impurity regions inside the first impurity regions formed in 
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the island-like semiconductor layers as shown in Fig. 23(B). The second shaped conductive 
layers 5026 to 5030 are used as masks against an impurity element and doping is performed such 
that the impurity element is also added to regions under the first conductive layers 5026a to 
5030a. Thus, the second impurity regions 5032 to 5036 are formed. The concentration of 
phosphorus (P) added to the second impurity regions 5032 to 5036 has a gentle concentration 
gradient in accordance with a film thickness of taper portions of the first conductive layers 5026a 
to 5030a. However, the concentration becomes substantially the same degree. 
\$2&\ 

[0251] As shown in Fig. 24(B), third etching processing is performed. CHF 6 is used 

as an etching gas and etching is performed by using a reactive ion etching method (RIE method). 
By the third etching processing, the taper portions of the first conductive layers 5026a to 5030a 
are partially etched to shorten regions in which the first conductive layers are overlapped with 
the semiconductor layers. Third shaped conductive layers 5037 to 5041 (first conductive layers 
5037a to 5041a and second conductive layers 5037b to 5041b) are formed by the third etching 
processing. At this time, in the gate insulating film, regions which are not covered with the third 
shaped conductive layers 5037 to 5041 are further etched at about 20 to 50 |"nm] nm and become 
thin. 

E0230} 

[0252] By the third etching processing, third impurity regions 5032a to 5036a 

overlapped with the first conductive layers 5037a to 5041a and fourth impurity regions 5032b to 
5036b between the first impurity regions and the third impurity regions are formed. 
E©22±} 

[0253] Then, as shown in Fig. 24(C), fifth impurity regions 5052 to 5063 having a 

conductivity type inverse to a first conductivity type are formed in the island-like semiconductor 
layers 5004 and 5006 forming a p-channel TFT. The second conductive layers 5038b and 5041b 
are used as masks against the impurity element and the impurity regions are formed in a self- 
alignment manner. At this time, the entire surface of the island-like semiconductor layers 5003 
and 5005 forming an n-channel TFT are covered with a resist mask 5200. Phosphorus is added 
to the impurity regions 5052 to 5063 with different concentrations. The impurity regions are 
formed by an ion doping method using diborane (B2H6) and an impurity concentration in any 
region is set to be 2 x 10 20 to 2 x 10 21 [atoms/cm %atoms/cm 3 . 
£0222} 
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[0254] By the above steps, the impurity regions are formed in the respective island- 
like semiconductor layers. The third shaped conductive layers 5037 to 5041 overlapped with the 
island-like semiconductor layers function as gate electrodes. 
[0223} 

[0255] After the resist mask 5200 is removed, for the purpose of conductivity type 

control, a step of activating the impurity element added to the respective island-like 
semiconductor layers is performed. This step is performed by a thermal anneal method using a 
furnace anneal furnace. In addition, a laser anneal method or a rapid thermal anneal method 
(RTA method) can be applied. The thermal anneal method is preferably performed in a nitrogen 
atmosphere at an oxygen concentration of 1 fppm fopm or lower, preferably 0.1 fppml ppm or 
lower and 400 to 700 ^€4t°C, typically 500 to 600 PGh°C. In this embodiment, thermal 
treatment is performed at 500 f £ G4°C for 4 hours. Note that, when wiring materials used for the 
third shaped conductive layers 5037 to 5041 is sensitive to heat, it is preferable that activation is 
performed after an interlayer insulating film (including mainly silicon) is formed for protecting 
wirings and the like. 
[0224} 

[0256] Further, thermal treatment is performed in an atmosphere containing hydrogen 

at 3 to 100 {%}% at 300 to 450 pGJfC for 1 to 12 hours to perform a step of hydrogenating the 
island-like semiconductor layers. This step is a step of terminating dangling bonds of the 
semiconductor layers by thermally excited hydrogen. As another means for hydrogenation, 
plasma hydrogenation (hydrogen excited by plasma is used) may be performed. 
[0225} 

[0257] Next, as shown in Fig. 25, a first interlayer insulating film 5075 is formed 

using a silicon oxynitride film at a thickness of 100 to 200 fraafam and a second interlayer 
insulating film 5076 made of an organic insulator material is formed thereon. After that, contact 
holes are formed in the first interlayer insulating film 5075, the second interlayer insulating film 
5076, and the gate insulating film 5007 and respective wirings (including connection wirings and 
signal lines) 5077 to 5083 are formed by patterning. The wirings are formed using a Ti film 
having 50 to 200 [nmL nm, an Al film having 100 to 300 [nm"|, nm, and a tin (Sn) film or a Ti film 
having 50 to 200 [nm]. nm. With respect to the wirings 5077 to 5083 formed with such a 
structure, the Ti film to be formed first is in contact with the semiconductor layers and a heat 
resistance in a contact portion is improved. 
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[0258] By the above steps, the pixel portion immediately before the pixel electrode 

shown in Fig. 24(A) is formed, the driver circuits for the pixel portion, and the memory portion 
can be simultaneously manufactured on the substrate having the insulating surface. 
E022?] 

[0259] In the case of this embodiment, an active layer of the n-channel TFT includes a 

source region, a drain region, LDD regions" (Lov regions) which are overlapped with the gate 
electrode with a state that the gate insulating film is sandwiched therebetween, LDD regions 
(Loff regions) which are not overlapped with the gate electrode with a state that the gate 
insulating film is sandwiched therebetween, and a channel forming region. Thus, when the Lov 
regions are provided, the deterioration of the TFT by a hot carrier effect can be prevented. Even 
if a high voltage of 10 fVJV or higher is applied, extremely stable operation can be obtained. 
Also, when the Loff regions are provided, an off current can be suppressed to low. In particular, 
in scanning line side driver circuit for driving the pixel portion formed by amorphous silicon 
layers, a power source voltage of 20 to 30 f¥JV is used. Thus, such a structure is essential. 
[0238] 

[0260] Also, according to the steps described in this embodiment, the number of photo 

masks required for manufacturing the TFT can be suppressed to 5 items. Concretely, there are a 
mask for dividing the semiconductor layer into island shapes, a mask for forming the gate 
electrode, a doping mask, a mask for forming the contact holes, and a mask for forming wirings. 
As a result, the step is shortened and the reduction of a manufacturing cost and the improvement 
of a yield can be provided. 
[0229] 

[0261] Note that this embodiment can be embodied by being combined with 

Embodiments 1 to 15. 
[0230] 

(Embodiment 1 7) EMBODIMENT 17 

[0262] In this embodiment, a method of manufacturing the semiconductor device 

according to the present invention in the application, which is a manufacturing method different 
from Embodiment 16 will be described. In this embodiment, a method of simultaneously 
manufacturing a pixel portion of the active matrix liquid crystal display device, driver circuits for 
the pixel portion, and a memory portion composed of a flash memory on a substrate having an 
insulating surface will be described. 
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E©2^f 

[0263] In order to make the description simple, a switching TFT composing a pixel as 

a representative of the pixel portion, a p-channel TFT and an n-channel TFT, which compose a 
CMOS circuit as representatives of the driver circuits for the pixel portion and the driver circuit 
for the memory portion, and a memory TFT composing a memory cell of the flash memory, are 
simultaneously manufactured. Also, in this embodiment, steps after a pixel electrode in the pixel 
portion is manufactured are omitted. A known manufacturing method may be used for steps 
after a pixel electrode in the liquid crystal display device is manufactured. 

\*mz\ 

[0264] Note that this embodiment can be applied to a method of manufacturing 

another mode of the present invention in the application. For example, a switching TFT and an 
EL driving TFT, which compose a pixel of an EL display device can use the same manufacturing 
steps as the switching TFT composing the pixel of the liquid crystal display device. Also, a stick 
driver using a substrate having an insulating surface can be manufactured by the manufacturing 
steps except for the pixel portion in this embodiment. Further, since the SRAM is composed of 
the CMOS circuit, the manufacturing steps for the driver circuits of this embodiment can be 
used. 

ymQ 

[0265] In Fig. 26(A), a substrate 2601, a base film 2602 (2602a and 2602b), and 

island-like semiconductor layers 2603 to 2606 are similar to Embodiment 16 and thus the 
descriptions are omitted here. Note that, in order to control the threshold voltage (Vth) of the n- 
channel TFT, an impurity element imparting a p-type may be added to the semiconductor layers 
2604 to 2606 at a concentration of about 1 x 10 16 to 5 x 10 17 \ atoms/cm ^atoms/cm 3 . 
\^M\ 

[0266] A first gate insulating film 2608 is formed using an insulating film including 

silicon at film thickness of 40 to 200 |~nm~[nm by a plasma CVD method or a sputtering method. 
For example, a silicon oxynitride film having a thickness of 75 fnmfom is preferably formed. 
Note that a thickness of the first gate insulating film composing the memory TFT may be set to 
be 10 to 50 fflffi}nm and a thickness of the first gate insulating film composing another element 
may be set to be 50 to 250 [nmj.nm. The gate insulating film is not limited to such a silicon 
oxynitride film, and insulating film including another silicon may be used as a single layer or a 
laminate structure. 
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[ms] 

[0267] Next, in order to form LDD regions (Lov regions) of the n-channel TFT, resist 

masks 2609 and 2610 are formed and then the impurity element imparting the n-type is 
selectively added to the semiconductor layer 2604. Doping is performed by an ion doping 
method using phosphine (PH3) as a typical method. An impurity region to be formed is defined 
as a low concentration n-type impurity region 2607. A phosphorus (P) concentration in this 
region is set to be a range of 2 x 10 16 to 5 x 10 19 [ atoms/ cm % atoms/ cm 3 . 
[0236} 

[0268] After the resist masks 2609 and 2610 are removed, in order to form an overlap 

region of the memory TFT, a resist mask 261 1 is formed and then the impurity element imparting 
the n-type is selectively added to the semiconductor layer 2606 (Fig. 26(B)). A dose is 
controlled such that an n-type impurity region 2612 formed by this step includes the n-type 
impurity element at a concentration of 1x10 to 1x10 [atoms/cm ^atoms/cm (typically 2 x 
10 20 to 5 x 10 20 ["atoms/cm ^ atoms/cm 3 ). As the n-type impurity element, arsenic (As) may be 
used in addition to phosphorus (P). In this embodiment, phosphorus (P) is used. 
E©2£?} 

[0269] After that, the resist mask 2611 is removed and processing for activating the 

added impurity element is performed. The activation processing is easy if the laser anneal 
method is used. As one example of its condition, a laser pulse oscillation frequency is set to be 1 
flcHz] kHz and a laser energy density is set to be 100 to 300 [mJ/cm ^ mJ/cm 2 (typically 150 to 
250 ["mJ/cm ^ mJ/cm 2 ). Then, the entire surface of the substrate is irradiated with a linear beam. 
At this time, an overlap ratio of linear beam is set to be 80 to 99 (preferably 95 to 99 
["%]). %). As a laser oscillator used in the laser anneal method, an excimer laser as a gas laser, a 
YGA laser, a YVO4 laser, a YAIO3 laser, a YLF laser, or the like as a solid laser can be used. In 
the case of the solid laser such as the YAG laser, the second harmonic (532 fnml)nm) or the third 
harmonic (355 |"nm]) nm) can be used in addition to the fundamental wave (1064 rnm]). nm). 
Thus, when the activation processing is performed, a junction between the channel forming 
region and the overlap region and a junction between the channel forming region and the low 
concentration n-type impurity region can be made preferable. 


[0270] Next, as shown in Fig. 26(C), gate electrodes 2613 to 2616 and a floating gate 

electrode 2617 are formed on the first gate insulating film 2608. The gate electrodes 2613 to 
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2616 and the floating gate electrode 2617 are preferably formed using an element selected from 
tantalum (Ta), titanium (Ti), molybdenum (Mo), and tungsten (W), an alloy containing mainly 
the element, an alloy film in which the elements are combined (typically, Mo-W alloy film or 
Mo-Ta alloy film), or a silicon film for which a conductivity is provided. Under the conductive 
layer made of such a material, nitride such as tantalum nitride (TaN), tungsten nitride (WN), 
titanium nitride (TiN) film, or molybdenum nitride (MoN), or silicide such as tungsten silicide, 
titanium silicide, or molybdenum silicide, may be formed. The gate electrodes are formed at a 
thickness of 200 to 400 fnmjnm (preferably 250 to 350 rnmP. nm). 


[0271] The floating gate electrode 2617 of the memory TFT is formed to partially 

overlap the n-type impurity region 2612. The overlapped region is called an overlap region and 
becomes a region to flow a tunnel current at deletion in the memory TFT. Also, the gate 
electrode 2614 is formed to partially overlap the low concentration n-type impurity region 2607. 
[0240} 

[0272] After that, n-type impurity elements (phosphorus in this embodiment) 2618 to 

2626 are added in a self-alignment manner using the gate electrodes 522 to 524 as masks to form 
low concentration n-type impurity regions. The low concentration n-type impurity regions are 
controlled such that a phosphorus concentration becomes 1 x 10 17 to 1 x 10 19 
[atoms/cm % atoms/cm 3 . 
[0241] 

[0273] Then, as shown in Fig. 26(D), high concentration n-type impurity regions 

which function the source region or the drain region in the n-channel TFT are formed. First, 
resist masks 2638 to 2640 are formed and then the impurity element imparting the n-type is 
added to form high concentration n-type impurity regions 2631 to 2637. Phosphorus (P) is used 
as the impurity element imparting the n-type and an ion doping method using phosphine (PH 3 ) is 
performed such that the concentration becomes a range of 1 x 10 20 to 1 x 10 21 
Tatoms/ cm^ k atoms/cm 3 . 
[0242} 

[0274] Then, as shown in Fig. 26(E), high concentration p-type impurity regions 2641 

and 2642 composing the source region and the drain region are formed in the semiconductor 
layer 2603 which the p-channel TFT is formed. An ion doping method using diborane (B 2 H 6 ) is 
performed using the gate electrode 2613 as a mask to form high concentration p-type impurity 
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regions in a self-aligning manner. At this time, the entire surface of the semiconductor films 
2604 to 2606 composing the n-channel TFTs is covered with a resist mask 2643. A boron (B) 
concentration in this region is set to 3 x 10 20 to 3 x 10 21 ratoms/cm ^atoms/cm 3 . 
E0243} 

[0275] A second gate insulating film 2751 is formed using an insulating film including 

silicon at a film thickness of 40 to 200 fnmfom by a plasma CVD method or a sputtering method. 
For example, a silicon oxynitride film having a thickness of 75 femfom is preferably formed. 
The second gate insulating film is not limited to such a silicon oxynitride film, and insulating 
film including another silicon may be use as a single layer or a laminate structure. 
[0244J 

[0276] After that, the n-type or the p-type impurity element added at respective 

concentrations is activated. As activation means, a furnace anneal, a laser anneal, a lump anneal, 
or a method by a combination of them is preferably used. A thermal annealing method is 
performed in a nitrogen atmosphere at an oxygen concentration of 1 fppmfopm or lower, 
preferably 0.1 fppmjppm or lower at 400 to 700 f^Ck°C, typically 500 to 600 P€^°C. 
Typically, thermal treatment is performed at 550 P€4°C for 4 hours. 
[0245] 

[0277] Next, a conductive film having 200 to 400 famfam is formed and patterned to 

form a control gate electrode 2752 (Fig. 27(A)). The control gate electrode 2752 is formed so as 
to partially or entirely overlap with the floating gate electrode 2617 through the second gate 
insulating film 2751. Note that the control gate electrode 2752 is preferably formed using an 
element selected from tantalum (Ta), titanium (Ti), molybdenum (Mo), and tungsten (W), an 
alloy containing mainly the element, an alloy film in which the elements are combined (typically, 
Mo-W alloy film or Mo-Ta alloy film), or a silicon film for which a conductivity is provided. 
Under the conductive layer made of such a material, nitride such as tantalum nitride (TaN), 
tungsten nitride (WN), titanium nitride (TiN) film, or molybdenum nitride (MoN), or silicide 
such as tungsten silicide, titanium silicide, or molybdenum silicide, may be formed. The gate 
electrodes are formed at a thickness of 200 to 400 nm f nmHpreferably 250 to 350 rnmD. nm). 
[0346] 

[0278] After that, as shown in Fig. 27(B), a first interlayer insulating film 2761 is 

formed from the above of the control gate electrode and the second gate insulating film. The 
first interlayer insulating film 2761 is formed using a silicon oxide film, a silicon oxynitride film, 



NVA203591.RED 



a silicon nitride film, or a laminate film in which these are combined at a thickness of 100 to 200 
[nm]. n m. For example, in the case where a silicon oxide film is used, TEOS (tetraethyl 
orthosilicate) and O2 are mixed and discharge is produced with a reaction pressure of 40 fPakPa, 
a substrate temperature of 300 to 400 fggk°C, a high frequency (13.56 rMHzl), MHz), and a 
power density of 0.5 to 0.8 [W/cm 2: fW/cm 2 to form by a plasma CVD method. In the case where 
a silicon oxynitride film is used, it is preferably formed using a silicon oxynitride film 
manufactured from SiH4, N2O, and NH3 or a silicon oxynitride film manufactured from S1H4 and 
N2O by a plasma CVD method. With respect to a manufacturing condition in this case, it can be 
formed at a reaction pressure of 20 to 200 fPafcPa, a substrate temperature of 300 to 400 PGh°C* 
a high frequency (60 [MHz1\ MHz), and a power density of 0.1 to 1.0 [W/cm% -W/cm 2 . Also, a 
silicon hydroxynitride film manufactured from SiH 4 , N2O, and H 2 may be applied. Similarly, a 
silicon nitride film can be manufactured from SiEU and NH3 by a plasma CVD method. 
[0247} 

[0279] After the thermal treatment is performed, thermal treatment is further 

performed in an atmosphere containing hydrogen at 3 to 100 at 300 to 450 j^GJ^C for 1 to 
12 hours to perform a step of hydrogenating the island-like semiconductor films. This step is a 
step of terminating dangling bonds having 10 to 10 [tern Vcm , which are present in the 
island-like semiconductor films by thermally excited hydrogen. As another means for 
hydrogenation, plasma hydrogenation (hydrogen excited by plasma is used) may be performed. 
[0248} 

[0280] Then, the second interlayer insulating film 2762 made of an organic insulator 

material is formed at an average film thickness of 1.0 to 2.0 ruml. um. As the organic resin 
material, polyimide, acrylic, polyamide, polyimideamide, BCB (benzocyclobutene) or the like 
can be used. Thus, when the interlayer insulating film is formed using the organic insulator 
material, the surface can be preferably leveled. Also, since the organic resin material has 
generally low permittivity, a parasitic capacitance can be reduced and this becomes very 
important element in the case where the TFT is operated at high speed. However, these organic 
insulator materials have hygroscopic property and are not suitable as a protective film. Thus, it 
is preferable to use by being combined with the silicon oxide film, the silicon oxynitride film, the 
silicon nitride film, or the like, which is formed as the first interlayer insulating film 2761. 
[0249} 

[0281] After that, contact holes are formed in the first and second interlayer insulating 
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films and source or drain wirings 2763 to 2768 are formed as in the case of Embodiment 16. The 
contact holes are formed by a dry etching method. A mixture gas of CF 4 , 02, and He is used as 
an etching gas. First, the interlayer insulating films made of the organic resin materials are 
etched. Subsequently, a protective insulating film 146 is etched using CF4 and O2 as etching 
gases. Further, in order to improve a selection ratio to the semiconductor layer, the etching gas is 
changed into CHF 3 and the gate insulating film is etched. Thus, the contact holes can be 
preferably formed. After wirings are formed, hydrogenation processing and sintering processing 
can be simultaneously performed at a temperature of about 300 |"°C1. °C. and an electrical 
characteristic of a TFT can be improved. 
[0350} 

[0282] Thus, the pixel portion immediately before the pixel electrode shown in Fig. 

27(B) is formed, the driver circuits for the pixel portion, and the memory portion can be 
simultaneously manufactured on the substrate having the insulating surface. 
[©2^4 

[0283] In the case of this embodiment, a p-channel TFT 2771 has a single drain 

structure in which a channel forming region and a source or drain region made from the high 
concentration p-type impurity region are formed. An n-channel TFT 2772 has a channel forming 
region, LDD regions (Lov regions) which are overlapped with the gate electrode 613 and a 
source or drain region. Thus, when the Lov regions are provided, a high electric field produced 
near the drain region is relaxed and the generation of hot carrier is prevented. Thus, the 
characteristic deterioration of the TFT can be prevented. Note that the Lov region is formed in 
only the drain region side. When such a structure is used, the characteristic deterioration by a 
hot carrier effect is prevented, the parasitic capacitance is suppressed to minimize, and high 
speed operation is allowed. Further, end portions of the source and drain regions is substantially 
aligned with end portions of the gate electrode, and thus a resistance loss is decreased and 
current drive power can be improved. Thus, the TFT having a structure for reducing a hot carrier 
injection so as to minimize the decrease of an operational speed is suitable as a TFT composing 
the CMOS circuit composing the driver circuit portion. 
\Q2$Z$ 

[0284] A switching TFT 2773 has a double gate structure, and also has a channel 

forming region, LDD regions (Loff regions) which is not overlapped with the gate electrode, and 
source and drain regions. When the double gate structure is used and Loff regions are provided, 
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an off current can be reduced. In the switching TFT composing the pixel in the liquid crystal 
display device, it is necessary to suppress the off current to a minimum. Thus, the TFT having 
such a structure is suitable as the switching TFT composing the pixel in the liquid crystal display 
device. 


[0285] A memory TFT 2774 has a high concentration n-type impurity region (referred 

to as an overlap region) in one of the source and drain regions. The overlap region is a region to 

flow a tunnel current at deletion in the memory TFT. 



[0286] Thus, according to the liquid crystal display device of this embodiment, TFTs 

having suitable structures are arranged in the pixel portion, the driver circuits, and the memory 
portion, respectively, and thus a semiconductor device having high reliability and a preferable 
operational characteristic can be manufactured. 

\m$3] 

[0287] — Note that when the pixel portion of the EL display device is manufactured by 

this embodiment, the following TFT structures are preferably used. The switching TFT 
composing the pixel in the EL display device is the double gate structure and is the n-channel 
TFT having Loff regions in the source region and drain region. Also, the EL driving TFT 
composing the pixel in the EL display device is the TFT structure having Lov regions in the 
source region and the drain region. When such structures are used, the off current can be 
suppressed in the switching TFT and the characteristic deterioration by the hot carrier effect can 
be prevented in the EL driving TFT. 


[0288] In addition, when a CMOS circuit such that a current bidirectionally flows in 

the channel forming region, that is, a CMOS circuit such that a role of the source region and a 
role of the drain region are exchanged is used in the driver circuits, it is preferable that LDD 
regions are formed to sandwich the channel forming region in both sides of channel forming 
region thereof in the n-channel TFT composing the CMOS circuit. As such an example, there 
are a transmission gate used for point sequential drive, and the like. Also, when a CMOS circuit 
in which minimum suppression of the off current is required is used in the driver circuits, it is 
preferable that the n-channel TFT composing the CMOS circuit has both Lov regions and Loff 
regions. As such an example, similarly, there are a transmission gate used for point sequential 
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drive, and the like. The TFT having such a structure can be also manufactured by the 
manufacturing method of this embodiment. 

E©2§q 

[0289] Note that this embodiment can be implemented by being combined with 

Embodiments 1 to 15. 


(Embodiment 1 8) EMBODIMENT 18 

[0290] The semiconductor device of the present invention in the application can be 

applied to various electronic equipment. Given as such electronic equipment are a video camera, 
a digital camera, a projector (rear type or front type), a head mounted display, a goggle type 
display, a game machine, an automobile navigation system, a personal computer, a portable 
information terminal (mobile computer, cellular phone, electronic book or the like). One 
Example of those is shown in Fig. 28 and Fig. 29. 
\Q2$9] 

[0291] Fig. 28 A is a display, which contains a casing 3001, a support base 3002, a 

display portion 3003, and the like. The active matrix or passive matrix liquid crystal display 
device or EL display device in the present invention can be applied to the display portion 3003. 
E©26©} 

[0292] Fig. 28B is a video camera, which is composed of a main body 3101, a display 

portion 3102, an audio input portion 3103, operation switches 3104, a battery 3105, and an 
image receiving portion 3106. The active matrix or passive matrix liquid crystal display device 
or EL display device in the present invention can be applied to the display portion 3102. 
E©26±} 

[0293] Fig. 28C is a part (right piece side) of a head mounted display, which contains a 

main body 3201, a signal cable 3202, a head portion fixing band 3203, a display portion 3204, an 
optical system 3205, a display device 3206, and the like. The active matrix or passive matrix 
liquid crystal display device or EL display device in the present invention can be applied to the 
display device 3206. 
£0262} 

[0294] Fig 28D is an image playback device provided with a recording medium 

(specifically, DVD playback device), which is composed of a main body 3301, a recording 
medium 3302, operation switches 3303, display portions 3304 and 3305, and the like. Note that 
this device uses a DVD (digital versatile disk), CD or the like as the recording medium, whereby 
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music appreciation, film appreciation, games, and the Internet can be performed. The active 
matrix or passive matrix liquid crystal display device or EL display device in the present 
invention can be applied to the display portions 3304 and 3305. 
E0263] 

[0295] Fig. 28E is a goggle type display, which contains a main body 3401, a display 

portion 3402, and arm portions 3403. The active matrix or passive matrix liquid crystal display 
device or EL display device in the present invention can be applied to the display portion 3402. 
[0364] 

[0296] Fig. 28F is a personal computer, which is composed of a main body 3501, a 

casing 3502, a display portion 3503, a key board 3504, and the like. The active matrix or passive 
matrix liquid crystal display device or EL display device in the present invention can be applied 
to the display portion 3503. 
[026S] 

[0297] Fig. 29 A is a cellular phone, which contains a main body 3601, an audio output 

portion 3602, an audio input portion 3603, a display portion 3604, operation switches 3605, and 
an antenna 3606. The active matrix or passive matrix liquid crystal display device or EL display 
device in the present invention can be applied to the display portion 3604. 
[0266} 

[0298] Fig. 29B is a sound playback device, specifically, a car audio system, which 

contains a main body 3701, a display portion 3702, and operation switches 3703 and 3704. The 
active matrix or passive matrix liquid crystal display device or EL display device in the present 
invention can be applied to the display portion 3702. Also, in this embodiment, an audio 
mounted in an automobile is shown, however, may be used as a cellular type or domestic sound 
playback device. 
[0367] 

[0299] As described above, the application range of the present invention is so wide 

that it can be applicable to electronic equipment in all fields. The electronic equipment of this 

embodiment can be obtained by using any structure resulting from any combination of 

Embodiments 2 to 17. Note that although the TFT is disclosed as the switching element of the 

pixel in the preferred embodiments of the present invention, a TFD (thin film diode) or the like 

may be used as the switching element of the pixel. 

[0368] 

[Effects of the Inv e ntion] 
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EFFECTS OF THE INVENTION 

[0300] According to the present invention in the application, in the semiconductor 

device in which the semiconductor display device capable of displaying a still image (or moving 
image with a short time) is incorporated, the memory portion is mounted on the substrate on 
which the pixel portion is formed. As result, there are provided the semiconductor display 
device capable of suppressing consumption power to low in the case where the still image is 
displayed and the semiconductor device in which the semiconductor display device is 
incorporated. 
[0269} 

[0301] Also, according to the present invention in the application, the memory portion 

and the memory control circuit may be provided on the substrate on which the pixel portion is 
formed. When such a structure is used, the still image (or moving image with a short time) can 
be displayed by inputting only simple control signals from the outside of the substrate on which 
the pixel portion is formed. Thus, the semiconductor display device having low consumption 
power and the semiconductor device in which the semiconductor display device is incorporated 
are realized. 

[Brief Description of the Drawings] 

[Fig. 1] A block diagram of a semiconductor device according to th e pres e nt invention 

in the application. 

[Fig. 2] A block diagram of a semiconductor device according to th e pres e nt invention 

in the application. 

[Fig. 3] A block diagram of a conventional s e miconductor device. 

[Fig. 4 ] A block diagram of a conventional semiconductor device. 

[Fig. 5] A block diagram of a semiconductor devic e according to the present invention 

in the application. 

[Fig. 6] A block diagram of a semiconductor device according to the present invention 

in the application. 

[Fig. 7] A block diagram of a semiconductor devic e according to the present invention 

in the application. 

[Fig. 8] A block diagram of a semiconductor device according to th e present invention 

in the application. 

[Figs. 9(A) and 9(B)] Vi e ws showing a structur e of an active matrix liquid crystal 

display device. 

[Figs. 10(A) and 10(B)] Top and cross sectional views of an activ e matrix liquid crystal 

display device. 

[Figs. 11(A) and 11(B)] Top and cross s e ctional views of an active matrix liquid crystal 

display device. 

[Figs. 12(A) and 12(B)] Views showing a structure of an active matrix EL display 
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d e vic e . 

[Figs. 13(A) and 13(B)] Top and cross s e ctional vi e ws of an activ e matrix EL display 

d e vic e . 

[Figs. 1 4 (A) and 1 4 (B)] Top and cross sectional vi e ws of an activ e matrix EL display 

device. 

[Figs. 15(A) and 15(B)] Views showing a structure of a passive matrix display devic e . 

[Fig. 16] A block diagram of a m e mory portion composing a s e miconductor d e vic e 

according to the present inv e ntion in the application. 

[Figs. 17(A) and 17(B)] Circuit diagrams of a memory c e ll of an SRAM. 

[Fig. 1 8] A circuit diagram of a m e mory cell of a DRAM. 

[Fig. 19] A circuit diagram of a memory cell of an EEPROM. 

[Fig. 20] A block diagram of a semiconductor device according to the pr e s e nt invention 

in the application. 

[Fig. 21] A view showing a structure of a scanning line side driver circuit. 

[Fig. 22] A vi e w showing a structure of a data lin e sid e driver circuit. 

[Figs. 23(A) to 23(C)] Views showing manufacturing steps of the semiconductor device 

according to the present invention in th e application. 

[Figs. 2 4 (A) to 24 (C)] Views showing manufacturing steps of the semiconductor d e vice 

according to the present invention in th e application. 

[Fig. 25] A view showing manufacturing steps of the semiconductor device according to 

the pr e sent invention in the application. 

[Figs. 26(A) to 26(E)] Views showing manufacturing steps of the semiconductor d e vice 

according to the pres e nt invention in the application. 

[Figs. 27(A) and 27(B)] Vi e ws showing manufacturing steps of the semiconductor 

device according to th e present invention in the application. 

[Figs. 28(A) to 28(F)] Views showing on e example of an electronic equipment to which 

the present invention in the application is applied. 

[Figs. 29(A) and 29(B)] Views showing on e example of an electronic equipment to 

which the present invention in th e application is applied. 

[Description of Symbols] 

101 semiconductor devic e 

102 semiconductor display device 

111 input terminal 

112 first control circuit 

113 second control circuit 

114 CPU 

115 first memory 

116 s e cond memory 

117 data line side driver circuit 

118 scanning line side driver circuit 

119 pixel portion 

120 memory portion 
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TNamo of Docum e nt] ABSTRACT 
[Summary] 

[Obj e ct] A semiconductor device capable of displaying a still image with low consumption 
power is provided. 

[Solving Means] provided. In the semiconductor device incorporated with a 
semiconductor display device capable of displaying the still image, a memory portion is mounted 
on a substrate on which a pixel portion is formed. As a mounting method, the memory portion is 
formed on the substrate on which the pixel portion is formed or a stick driver including the 
memory portion is used. When the still image is displayed using image data stored in such a 
memory portion, the still image can be displayed by inputting only simple control signals from 
the outside of the semiconductor device. Thus, there are provided the semiconductor display 
device capable of displaying the still image with low consumption power and the semiconductor 
device incorporated with the semiconductor display device. 
[Selected Drawing] Fig. 1 
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